



Die Bedeutung der oberen Atemwege bei 
zystischer Fibrose 
 –  
Pathomechanismen, Monitoring und Therapie 
 
Der Medizinischen Fakultät  





zur Erlangung der Lehrbefugnis 
doctora rerum naturalium habilitata  
Dr. rer. nat. habil 
 
vorgelegt 
von Dr. rer. nat. Julia Hentschel, geb. Rosenhahn 
geboren am 27.02.1980 in Halle/Saale 
 












Eine wirklich gute Idee erkennt man daran, dass ihre 
Verwirklichung von vorne herein ausgeschlossen erscheint. 















Z U S A M M E N F A S S U N G  
Zusammenfassung der Habilitationsschrift von Dr. rer. nat. Julia Hentschel  mit dem Titel: 
„Die Bedeutung der oberen Atemwege bei zystischer Fibrose – Pathomechanismen, 
Monitoring und Therapie“, Universität Leipzig  
Lange Jahre standen rezidivierende Infekte der Lunge und Gedeihstörung durch 
Maldigestion als lebensbegrenzende Symptome eines Patienten mit Mukoviszidose 
(Cystische Fibrose/CF) im Vordergrund. Das Hauptaugenmerk in der Diagnostik und Therapie 
von CF-Patienten lag daher zumeist auf den unteren Atemwegen bzw. dem Verdauungstrakt. 
Verbesserte Therapiemöglichkeiten und eine erhebliche Steigerung der Lebenserwartung 
brachten andere Symptome in den klinischen und wissenschaftlichen Fokus. Seit 2005 
untersuchen wir systematisch die Rolle der oberen Atemwege bei Patienten mit CF, indem 
wir bei jeder Routinevorstellung Material der oberen Atemwege nicht-invasiv gewinnen, 
analysieren und asservieren. Wir konnten Methoden etablieren, um nasale Lavagen mit 
wenig Aufwand auch für große Studien einfach und schnell zu gewinnen und zu asservieren. 
Wir konnten zeigen, dass sich diese nasalen Lavagen eignen, um eine Besiedlung mit 
Pathogenen zu erfassen und die resultierende inflammatorische Wirtsantwort zu 
untersuchen. Wir konnten erstmals beweisen, dass die oberen Atemwege ein Keimreservoir 
darstellen und von dort aus Keime die Lunge (wieder) besiedeln können. Dies fand Eingang 
in aktuelle Leitlinien zur Mukoviszidosebetreuung und Lungentransplantation und hat 
Einfluss auf den Erfolg dieses ohnehin schon stark risikobehafteten Eingriffs. CF ist eine 
Erkrankung, bei der häufig eine überschießende Entzündungsreaktion beobachtet wird. 
Unsere Studien legten dabei den Schluss nahe, dass in den oberen Atemwegen andere 
Imbalancen eine Rolle spielen als in den unteren Atemwegen und sich daraus auch 
unterschiedliche therapeutische Ansätze ergeben könnten. Weiterhin konnten wir 
verdeutlichen, dass sich auch der Einfluss therapeutischer Interventionen in den 
Inflammationsmediatoren der oberen Atemwege widerspiegelt. Eine wichtige Erkenntnis 
daraus war, dass v.a. systemische Antibiosen deutlich langsamer und/oder schlechter in den 
Nasennebenhöhlen und den oberen Atemwegen wirken als auf die unteren und dass hier ein 
Umdenken in der antibiotischen Therapie der oberen Atemwege erfolgen muss. Unsere 
Studien beweisen einmal mehr das Kontinuum der Atemwege von der Nasenspitze über die 
paranasalen Sinus bis in die distalen Alveolen und dass ein gutes Therapiekonzept immer das 
große Ganze im Blick haben sollte. Schlussendlich stellt die CF hier ein Modellsystem dar. 
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1. Einführung in die Thematik 
1.1 Pathomechanismen und Genetik der Mukoviszidose 
Mukoviszidose, auch zystische Fibrose oder englisch cystic fibrosis (CF), ist die häufigste 
autosomal rezessiv vererbte Stoffwechselerkrankung in der kaukasischen Bevölkerung. In 
Deutschland beträgt die Inzidenz unter Kaukasiern 1:3300-1:48001. Jeder 29. Mensch ist hier 
heterozygoter Anlageträger, in anderen Ethnien können diese Kennziffern stark abweichen2. 
Der Erkrankung liegen biallelische pathogene Varianten im CFTR-Gen (cystic fibrosis 
conductance regulator) auf Chromosom 7q31.2 zugrunde. Dieses Gen codiert für einen ATP-
abhängigen Kanal, welcher sowohl für Chlorid- als auch für Bikarbonat-Ionen permeabel ist 
und in nahezu allen Geweben des menschlichen Körpers exprimiert wird, meist aber in der 
apikalen Membran vieler Drüsen3. Daher resultieren Defekte dieses Kanals in einer 
Multiorganerkrankung, welche sich vor allem in Lunge, Gastrointestinal- und Genitaltrakt 
manifestieren (s. Abb. 1). Störungen des CFTR-Kanals führen zu einem beeinträchtigten 
Ionenaustausch, welcher die Gesamtosmolarität verändert. Es kommt zur Bildung des für die 
Erkrankung namensgebenden zähen Schleims, welcher die Fertilität reduzieren kann, die 
Produktion und den Transport von Verdauungsenzymen stört und durch rekurrierende 
Infektionen zur chronischen Inflammation und Gewebsremodellierung führt. Ferner wird die 
Rückresorption von Chloridionen in den Schweißdrüsen beeinträchtigt; CF-Patienten haben 
daher eine deutlich erhöhte Chloridkonzentration im Schweiß, was diagnostisch nutzbar ist 
(s. auch Kapitel Diagnostik unter 1.2.2). Patienten mit dem Vollbild einer CF leiden an einer 
Gedeihstörung durch Maldigestion und an chronischen Infektionen der oberen und unteren 
Atemwege. Letztere führen schlussendlich zur pulmonalen Insuffizienz und ist der haupt-
lebensbegrenzende Faktor. Bei Patienten mit einer milden Form oder cystic fibrosis related 
disorder (CFTR-RD) ist meist nur ein Organsystem betroffen oder die Gesamterkrankung fällt 
deutlich milder aus. Die Minimalform der CF ist eine genitale Ausprägung, welche bei 
Männern ausschließlich zu Infertilität aufgrund einer congenitalen bilateralen Aplasie des 
Vas deferens (CBAVD) führt.  
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Abb. 1: Klinik der Mukoviszidose und Korrelation des Ausprägungsgrades mit der CFTR-Restfunktion  
(
4




Die Restfunktion des CFTR-Kanals wird maßgeblich durch die Art der pathogenen Variante 
bestimmt6,7. Generell unterteilt man die bislang beschriebenen ca. 300 als pathogen 
klassifizierten Varianten in 5-6 Mutationsklassen (s. Abb. 2). Klasse-I-Mutationen beinhalten 
alle Null-Varianten wie nonsense-, frameshift- und splice-Varianten oder Exon-spannende 
Deletionen, die zu einer Trunkierung oder nonsense-mediated mRNA decay (NMD) führen. Es 
ist keine Restfunktion vorhanden. Klasse-II-Varianten sind in der Regel missense-Varianten 
oder kleinere in-frame-Deletionen, welche zu einer veränderten Aminosäure-Abfolge führen, 
die eine Fehlfaltung zufolge hat. Diese Proteine werden von der Zelle erkannt und abgebaut. 
Wie auch bei den Nullvarianten wird kein funktionstüchtiges Protein an der Oberfläche 
exprimiert. Varianten, die der Klasse-III zugeordnet werden, sind meist auch missense-
Varianten und betreffen Aminosäuren, welche für die Steuerung der Kanalöffnung essentiell 
sind. Daher werden solche Varianten auch als gating-Mutationen bezeichnet und sind ein 
wichtiges Target für neue therapeutische Ansätze (s. auch Kapitel 1.4). Zellen mit gating-
Mutationen tragen zwar CFTR-Protein an ihrer Oberfläche, die Offen-Wahrscheinlichkeit des 
Kanals ist jedoch im Vergleich zum Wildtyp stark reduziert. In Klasse-IV sind Varianten 
zusammengefasst, welche direkt die Bildung der Kanalpore beeinträchtigen. Wie auch bei 
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Klasse-III-Varianten ist die Menge an exprimiertem CFTR-Protein nicht reduziert, allerdings 
ist die Leitfähigkeit des Kanals im Vergleich zu normalen Zellen verändert. Klasse-V-Varianten 
beinhalten vor allem splicing-Varianten, bei denen ein Teil der Zellen dennoch normales 
CFTR-Protein exprimiert, jedoch in deutlich reduzierter Menge. Manche Autoren 
beschreiben zudem eine VI. Klasse mit Proteinen, deren Halbwertzeit deutlich geringer ist als 
die vom Wildtyp-Protein. Die letzten beiden Klassen haben somit letztendlich einen 
ähnlichen Effekt: es steht intaktes CFTR-Protein zur Verfügung, jedoch in geringerer Menge 
bzw. für einen kürzeren Zeitraum. Patienten, welche die Varianten I-III tragen, haben in aller 
Regel eine Störung der exokrinen Pankreasfunktion (Pankreas-Insuffizienz), während 
Patienten mit Varianten aus den Klassen IV-V(VI) meist längere Zeit ohne Pankreas-
Enzymsubstitution auskommen, jedoch öfter von Pankreatitiden betroffen sind. In zwei 
Studien wurde auch für die 
oberen Atemwege eine Genotyp-
Phänotyp-Korrelation 
untersucht. In der Arbeit von 
Abuzeid et al., 2018 konnten 
keine signifikanten Unterschiede 
in der Ausprägung der 
sinunasalen Symptome in den 
beiden Gruppen (I-III vs. IV-V) 
gefunden werden8. Im Gegensatz 
dazu ergab eine deutlich größere 
Studie von 2019 vor allem in der 
Bildgebung, gemessen am Lund-
Mackey-Score signifikant 
schlechtere Werte für CF-
Patienten mit Klasse I-III 
Genotyp9. 
Abb. 2: Auswirkungen des Gendefekts 
auf die Proteinfunktion und 
Klassifizierung nach Art des Defekts in Mutationsklassen (
4




In den letzten Jahrzehnten kam es zur erheblichen Verbesserung der Lebenserwartung von 
Menschen mit Mukoviszidose in Ländern, in denen die aktuellen Therapiemöglichkeiten zur 
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Verfügung stehen. Während Kinder mit Mukoviszidose vor 50 Jahren in der Regel im 
Vorschulalter verstarben, betrug die Lebenserwartung eines zwischen 2013-2017 geborenen 
Menschen mit CF in den USA 43,6 Jahre. 2017 waren dort mit 53 % mehr als die Hälfte der 
CF-Patienten älter als 18 Jahre (CFF Patient Registry Annual Data Report 2017). Das 
Patientenregister der ECFS, welches auch Daten von 6000 deutschen Patienten enthält, 
berichtete 2017, dass in Deutschland sogar 57,8 % der CF-Patienten erwachsen sind (ECFS 
Patient Registry Annual Data Report 2017). In Deutschland heutzutage geborene CF 
Patienten haben nach Ergebnissen des deutschen CF Registers aktuell eine mittlere 
Lebenserwartung von über 50 Jahren10. 
1.2 Diagnostik der Mukoviszidose 
1.2.1 Neugeborenen-Screening 
Eine frühzeitige Diagnose und damit der Beginn therapeutischer Maßnahmen ist 
entscheidend für die Prognose der CF11. Studien konnten zeigen, dass schon vor der 
Manifestation der Hauptsymptome eine Veränderung des pulmonalen Mikrobioms 
stattfindet, die mit einer Veränderung von Inflammationsparametern einhergeht12,13. Auch 
strukturelle Veränderungen der Lunge sind im CT schon im 1. Lebensjahr nachweisbar14. In 
Ländern mit einem Neugeborenenscreening werden Patienten deutlich früher diagnostiziert, 
auch dadurch steigt die Lebenserwartung vor allem bei den schweren Verlaufsformen 
deutlich an15. Ende 2016 führte Deutschland als eines der letzten Länder in Europa ein 
landesweites Neugeborenenscreening für Mukoviszidose ein. Zuvor gab es regionale 
Initiativen wie in Dresden oder Heidelberg, die jedoch nur einem Teil der Neugeborenen 
zugutekamen. Die Kinderrichtlinie, welche den Ablauf des Screenings regelt, sieht vor, dass 
zunächst der Wert des Immunoreaktiven Trypsins (IRT) bestimmt wird. Liegt dieser Wert 
unter der 99,0ten Perzentile, gilt das Screening als unauffällig. Ergebnisse über der 99,9ten 
Perzentile werden direkt als auffällig gewertet. Werte >99,0 und <99,9 werden einer Analyse 
des Pankreas-Assoziierten Proteins (PAP) zugeführt. Ist dieser unauffällig, ergibt sich 
ebenfalls ein unauffälliger Screeningbefund. Proben mit erhöhtem PAP-Wert müssen auf das 
Vorliegen der, laut deutschem CF-Register, 31 häufigsten pathogenen CFTR-Varianten 
analysiert werden. Proben mit dem Nachweis von mindestens einer Variante gelten als 
auffällig und werden dem Einsender rückgemeldet. Kinder mit einem auffälligen 
Screeningbefund sollten zeitnah einem zertifizierten CF-Zentrum zur 
Seite 9
 
E I N F Ü H R U N G  I N  D I E  T H E M A T I K  
Konfirmationsdiagnostik vorgestellt werden (s. 1.2.2). Erste Evaluationen zur 
Patientenzufriedenheit mit dem Screening in Bayern zeigten, dass es besonders wichtig ist, 
dass die Eltern von einem CF-Spezialisten über das positive Screening-Ergebnis informiert 
werden sollten, welcher ihnen sehr zeitnah (≤3 Tage) einen Termin zur 
Konfirmationsdiagnostik anbieten sollte16. Entsprechend der European Cystic Fibrosis Society 
(ECFS) Best Practice Guideline 201817 muss den Eltern das Ergebnis des Schweißtests am Tag 
der Durchführung mitgeteilt werden.  
1.2.2 Chloridbestimmung im Schweiß 
Als Goldstandard zur Erstdiagnose einer CF gilt nach wie vor die Bestimmung der 
Chloridkonzentration im Schweiß (Schweißtest nach Gibbson&Cooke). Mittels Pilocarpin-
Iontophorese wird die Haut zur Schweißproduktion angeregt, der Schweiß wird gesammelt 
und die Chloridkonzentration gemessen. Dabei gilt ein Wert von ≥60 mmol/l, ermittelt in 2 
unabhängigen Messungen, als sicherer Nachweis einer Mukoviszidose. Bei Werten  
<29 mmol/l gilt eine CF als ausgeschlossen17. Werte dazwischen bedürfen einer weiteren 
Abklärung und können Hinweis auf eine milde Form der CF sein. Jedoch können auch andere 
Erkrankungen oder Umstände zu einem erhöhten Chloridwert im Schweiß führen (z.B. bei 
Anorexia nervosa oder Schilddrüsenunterfunktion). Die Bestimmung des Chloridgehaltes im 
Schweiß wird in Studien, welche auf eine Korrektur des Basisdefekts abzielen (s. Kapitel 1.3, 
Therapie), gern als sekundärer Zielparameter genutzt. Im Rahmen des durch die 
Kinderrichtlinie (https://www.g-ba.de/downloads/62-492-1905/Kinder-RL_2018-11-22_iK_ 
2019-08-09.pdf) festgelegten Settings des 2016 eingeführten bundesweiten 
Neugeborenenscreenings auf Mukoviszidose kommt dem Schweißtest eine besondere 
Bedeutung zu. Das positive Screening (entweder über sehr hohe IRT-Werte oder über den 3-
stufigen Arm IRT-PAP-DNA) muss durch eine Konfirmationsdiagnostik bestätigt werden. 
Hierzu wird die Chloridbestimmung im Schweiß empfohlen. Fällt dieser durch eine 
fehlerhafte Schweißsammlung oder Messung falsch negativ aus, gefährdet dies den Erfolg 
des Gesamtscreenings, dessen Ziel ja eine möglichst frühzeitige Diagnose ist. Für die 
Durchführung des Schweißtestes gibt es derzeit in Deutschland keine einheitliche SOP und 
keine offiziellen qualitätssichernden Maßnahmen. Am Leipziger CF-Zentrum wurde daher ein 
Projekt initiiert, welches im Rahmen des mitteldeutschen Qualitätszirkels Effekte von 
Maßnahmen zur Qualitätssteigerung bei der Durchführung des Schweißtests untersucht 
[noch unveröffentlichte Ergebnisse, s. auch unter 2.6.4].  
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1.2.3 Genetik und genetic modifier 
Die Analyse des CFTR-Gens erfolgt in der Regel stufenweise bei klinischem Verdacht auf CF 
oder bei Vorliegen von auffälligen IRT-PAP-Werten im Neugeborenen-Screening (s. 1.2.1). Da 
CF eine recht häufige Erkrankung ist und es relativ zuverlässige Angaben über die 
Mutationshäufigkeiten gibt, erreicht man mit einem Screening auf die häufigsten 
Mutationen eine sehr hohe Sensitivität. Allerdings ist diese stark vom ethnischen 
Hintergrund der zu untersuchenden Person abhängig und kann von ca. 90 % in der 
kaukasischen Bevölkerung bis zu weniger als 50 % bei Menschen aus dem arabischen Raum 
schwanken. Beim Nachweis von nur einer heterozygoten Variante und starkem klinischen 
Verdacht sollte daher entsprechend der Leitlinie17 eine vollständige Analyse des CFTR-Gens 
mittels Sanger-Sequenzierung und MLPA angeschlossen werden (alternativ eine Next-
Generation-Sequencing-Analyse (NGS), welche Kopienzahlveränderungen über die 
Abdeckungsraten detektieren kann). Bislang sind im CFTR-Gen über 2000 Varianten 
beschrieben, davon sind ca. 200 als pathogen beurteilt. Eine große Bedeutung im Feld der 
Variantenklassifizierung bei CF hat hier das CFTR2-Projekt, bei dem der Effekt vieler 
Varianten im Zellkulturmodell analysiert wurde und Daten vieler Patienten 
zusammengetragen wurden (18, https://www.cftr2.org). Diese und ähnliche Arbeiten sowie 
die Pflege der Datenbanken erleichtern heute die Einstufung von seltenen Varianten. 2012 
detektierten wir bei einem Patienten aus Syrien eine bis dahin noch nicht beschriebene 
homozygote Variante an Position c.1043T>A, p.(Met348Lys)19. Anhand von Allelfrequenzen, 
Konservierungsdaten, in silico-Prädiktionsprogrammen und pathogenen Varianten in der 
näheren Umgebung in Zusammenhang mit der auffälligen Klinik und den passenden 
Stammbaumdaten (Segregation in der Familie) erschien die Variante damals als potentiell 
schädlich/krankheitsverursachend. Erst umfangreiche elektrophysiologische Messungen (s. 
1.2.4) konnten zeigen, dass die Variante keinen nennenswerten Einfluss auf die CFTR-
Funktion hat und daher nicht ursächlich für die klinische Symptomatik sein konnte. Mit dem 
Datenbankwissen von heute sind solche Klassifizierungen deutlich einfacher geworden. 
Nicht nur Veränderungen im CFTR-Gen selbst beeinflussen die phänotypische Ausprägung 
der CF. Individuen mit identischem CFTR-Genotyp zeigen oftmals sehr unterschiedliche 
Ausprägungen und Organmanifestationen. Auch das Ansprechen auf CFTR-Modulatoren bei 
gleichem Genotyp ist sehr variabel und oft nicht gut vorhersagbar. GWAS-Studien und 
Expressionsanalysen identifizierten wiederholt in verschiedenen Studien eine Reihe von 
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weiteren Genen, die Einfluss auf die Schwere der Symptome in einzelnen Organen haben 
könnten, so z.B. Natriumkanäle (SLC26A3, SLC6A14), Immunsystemkomponenten (TGFß1, 
MIF) oder Genen, die für die Keimakquise relevant sind (CEACAM, HFE, HMOX1)20. 
Veränderungen in diesen Genen wurden z.B. mit dem Ansprechen auf CFTR-Modulatoren in 
Verbindung gebracht. So konnte beispielsweise gezeigt werden, dass bestimmte SNP-Muster 
in SLC26A9 mit einer verbesserten Wirksamkeit von Ivacaftor assoziiert sind21.  
1.2.4 Elektrophysiologie 
Auch mit einer vollständigen Analyse des CFTR-Gens erreicht man „nur“ eine Sensitivität von 
ca. 99 %. Sollte dennoch weiter der klinische Verdacht bestehen, kann zur Konkretisierung 
eine direkte Bestimmung der elektrophysiologischen Aktivität des CFTR-Kanals durchgeführt 
werden. Dazu entnimmt man dem Patienten mittels Biopsie ein Stück Rektumschleimhaut, 
spannt dies in eine Ussing-Kammer ein und misst den Stromfluss unter Zugabe von 
verschiedenen Kanalblockern und Aktivatoren22. Alternativ kann auch direkt in vivo die 
nasale Potentialdifferenz gemessen werden. Sehr vielversprechend sind sogenannte 
Organoide. Zellen der Patienten, z.B. Darmzellen oder eine Bürstenbiopsie der Nase, werden 
entnommen, umprogrammiert und zu Organoiden differenziert. Anhand des Schwellens der 
Organoide kann die CFTR-Funktion bestimmt werden. Zusätzlich hat man hiermit die 
Möglichkeit, den therapeutischen Effekt von verschiedenen Substanzen zu untersuchen, 
welche die Korrektur des Basisdefekts anstreben23.  
1.3 Bedeutung der oberen Atemwege und „united airways“-Hypothese 
Die Pathogenese der zystischen Fibrose ist für die Lunge klar und eindeutig. Die Fehlfunktion 
des CFTR-Kanals führt zu einem zähen Schleim auf den Atemwegsepithelzellen, der nicht 
über Zilienschlag abtransportiert werden kann (Muko-Ziläre Clearancestörung). Dieser stellt 
den Nährboden für die Besiedlung und Infektion mit Bakterien und Pilzen dar. Immunzellen 
werden zum Ort der Infektion rekrutiert, eine Entzündungsreaktion entsteht. Zellen, 
Zelltrümmer und DNA führen zu einer weiteren Viskositätserhöhung des Schleims, ein 
Kreislauf aus chronischer Infektion und Entzündung entsteht. Langfristig kommt es zur 
Gewebsmodellierung, funktionell nicht mehr aktives fibrotisches Gewebe ersetzt das 
Lungenepithel mit der Folge der respiratorischen Insuffizienz, welche sich auch auf das Herz-
Kreislaufsystem auswirkt und zu einem Linksherzversagen führen kann. In diesem Stadium 
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der Erkrankung ist eine Lungentransplantation die einzige verbleibende therapeutische 
Option.  
Lange Zeit lag der Fokus der behandelnden Ärzte, sowie der Forschungsgemeinde auf den 
unteren Atemwegen. Aber auch in den oberen Atemwegen, also oberhalb des Kehlkopfes, 
exprimieren die Zellen den CFTR-Kanal und auch hier führt die Störung der Funktion zu 
erheblichen Beeinträchtigungen. Bei praktisch allen CF-Patienten kann entweder 
radiologisch oder klinisch eine Beteiligung der oberen Atemwege nachgewiesen werden24. 
Mittels des Sino-Nasal-Outcome Test (SNOT)25, welcher 200226von HNO-Ärzten entwickelt 
wurde, konnte gezeigt werden, dass CF-Patienten deutlich häufiger an einer 
Nasenatmungsbehinderung, Schmerzen im Bereich der Nebenhöhlen, laufender Nase, 
Riechminderung, Appetitreduktion und vielem anderen leiden als gesunde Menschen. 
Interessanterweise scheint es bei den Beschwerden selbst keine Genotyp-Phänotyp-
Korrelation zu geben8, während die radiologischen Auffälligkeiten signifikant stärker bei 
Patienten mit Klasse 1 - 3 -CFTR-Mutationen zu finden sind27. Die o.g. Faktoren wirken sich 
negativ auf das Allgemeinbefinden und die Therapie von CF-Patienten, aber auch von 
anderen Patienten mit chronischen Infektionen der oberen Atemwege aus. Patienten mit 
einer chronischen Rhinosinusitis leiden beispielsweise häufiger an Asthma (10-40 %) und 
umgekehrt wird bei Patienten mit Asthma 3x häufiger eine chronische Rhinosinusitis (CRS) 
beobachtet28,29. Auch für chronisch obstruktive Lungenerkrankung (COPD) wurde eine 
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1.3.1 Pathomechanismen 
Für die zugrundeliegenden Pathomechanismen gibt es verschiedene Hypothesen, die in den 
Arbeiten von Meena et al., Giavina-Bianchiet al. und Samitas et al., diskutiert werden und in 
Abb. 3 zusammengefasst dargestellt sind31-33. 
 
Abb. 3: United Airway concept – Pathomechanistisches Konzept32: 1. Umgehung der Klimafunktion der Nase 
und Postnasal drip, 2. systemische Reaktion nach lokaler Provokation, 3. neurogen über Reflexbögen 
Bei nicht-erregerbedingten Erkrankungen wie Asthma bronchiale und allergischer 
Rhinosinusitis ist ein bidirektionaler Zusammenhang zwischen oberen und unteren 
Atemwegen beschrieben, eine allergische Provokation des einen Segments zieht meist eine 
Reaktion des anderen Segments nach sich34. Allergene können auf direktem Wege aufgrund 
der behinderten Nasenatmung oder via `postnasal drip´ in die unteren Atemwege gelangen. 
Weiterhin ist auch beschrieben, dass eine lokale Provokation zur Induktion einer 
systemischen Reaktion führen kann, welche dann in Geweben anderer Kompartimente 
wiederum die Ausschüttung von Inflammationsmediatoren fördert. Hier spielen vor allem  
IL-5, Eotaxin und Leukotriene eine wichtige Rolle35.  
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Weiterhin wird eine Verbindung über nasobronchiale wie bronchionasale Reflexbögen 
vermutet. Gut dokumentiert ist diese Verbindung bei der nasalen Inhalation von kalter Luft, 
welche auch zu einer Bronchokonstriktion führen kann, auch bei Patienten ohne physische 
Verbindung zwischen Nase und Lunge (z.B. nach Laryngektomie)36. Weiterhin wurde 
beobachtet, dass bei nasaler Provokation mit Allergenen auch der Bronchialtonus und die 
Reagibilität der unteren Atemwege zunehmen. Man vermutet einen Mechanismus über 
Neuropeptidfreisetzung, die eine Neurotransmitterfreisetzung auch im ZNS bewirken und 
darüber zu einem erhöhten Tonus des Parasympathikus und letztendlich der 
Bronchialmuskulatur führen könnten37. 
Bei erregerbedingten Erkrankungen sind meist die oberen Atemwege zeitlich vor den 
unteren betroffen, oft ist die Nase die „Eintrittspforte“ für Keime. Durch die resultierende 
nasale Kongestion kommt es zur Umgehung der Klimafunktion der Nase durch Mundatmung 
sowie Keimtransfer durch postnasal drip. Letzteres ist für CF-Patienten eindeutig bewiesen. 
Die Arbeit von Mainz et al., 2009 konnte eindrücklich zeigen, dass genetisch identische  
S. aureus- und Pseudomonadenstämme sowohl in den oberen als auch in den unteren 
Atemwegen eines CF-Patienten vorkommen38. Mittels moderner NGS-Techniken konnte dies 
auch für andere Keime nachgewiesen werden39. Dieses Wissen veränderte die Relevanz der 
oberen Atemwegsinfektionen bei CF und anderen Erkrankungen. Analog zu bronchialen 
Proben untersuchen viele CF-Ambulanzen nun auch nasale Proben auf Problemkeime. Auch 
die therapeutische Strategie wurde daran angepasst. Bei Erregernachweis ist es wichtig, 
auch die oberen Atemwege lokal via Inhalation mit zu behandeln, da eine systemische 
Therapie die Nebenhöhlen nicht oder deutlich zeitlich verzögert erreicht, wie auch unter 2. 
im Details beschrieben (Paper aus unserer Gruppe von Hentschel40, Doht41, Müller42). Auch 
bei Transplantationspatienten können Keime aus der Nebenhöhle die initial unbesiedelte 
Spenderlunge besiedeln und schädigen43,44. Diese Erkenntnis führte zum Umdenken bei im 
prä-operativen Management der Lungentransplantation bei CF-Patienten und fand bereits 
Eingang in entsprechende Leitlinien45. Auch für Nicht-CF-Patienten scheint ein 
Zusammenhang zwischen CRS und dem Erfolg einer Lungentransplantation zu bestehen. 
Patienten, bei denen die CRS chirurgisch behandelt wurde, hatten eine signifikant bessere 
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1.3.2 Airway modelling und remodelling 
Die gesunde Schleimhaut der Atemwege mit zilientragendem Epithel und Lamina propria ist 
die physikalische Barriere nach außen und ist ständig Fremdkörpern, Keimen und Allergenen 
ausgesetzt, auf welche sie adäquat reagieren muss. Sie unterscheidet sich nicht zwischen 
beiden Atemwegsetagen. Die Becherzellen des Epithels sowie die serösen und mukösen 
Drüsen der Lamina propria produzieren eine extrazelluläre Matrix, welche aus 
Polysacchariden, Kollagenen und Wasser besteht. Diese Matrix ist essentiell für die Funktion 
der Atemwege, Menge und Konstitution können individuell reguliert werden33. 
Bei einem Defekt der Atemwege kommt es zuerst zu einer Entzündungsreaktion, bei der vor 
allem neutrophile Granulozyten proteolytische Enzyme sezernieren, um Keime und 
Zelltrümmer zunächst zu zerlegen und diese anschließend phagozytieren. Durch die 
Freisetzung von Zytokinen werden weitere Zellen an den Ort der Entzündung rekrutiert. Aus 
Monozyten entstandene Makrophagen setzen Kollagenasen, Matrixmetalloproteinasen 
(MMP), Elastasen, freie Sauerstoffradikale und NO frei, schütten aber auch 
Wachstumsfaktoren aus, die zur Gewebsneubildung wichtig sind. Im gesunden Gewebe 
werden im Anschluss aktivierte Immunzellen durch Apoptose, Phagozytose und Autophagie 
vom Defektort entfernt47. 
`Airway remodelling´, also der strukturelle Umbau von Atemwegsgeweben im Rahmen von 
Entzündungsprozessen, mechanischen Verletzungen und Wundheilung, der zu einer 
abnormen Rekonstitution führt, ist für die unteren Atemwege vor allem bei Asthma, COPD 
und Mukoviszidose gut beschrieben und ein wichtiger Teil der Pathogenese der 
Erkrankungen. 
Nun wurden die, wie für die Lunge bekannte Veränderungen wie eine Becherzellhyperplasie 
und Mukushypersekretion sowie eine Verdickung der Basalmembran und immunhistologisch 
eine Transition zum mesenchymalen Phänotypauch für die oberen Atemwege bei CRS mit 
und ohne Polypen beschrieben. MMPs sind hochreguliert33. 
Zusammenfassend betrachtet sind die oberen Atemwege nicht nur bei CF, sondern auch bei 
allen anderen chronischen Erkrankungen der Atemwege als Spiegelbild der unteren 
Atemwege anzusehen. Da die oberen Atemwege erheblich leichter und nicht- bzw. wenig-
invasiv zugänglich sind als die unteren Atemwege, können einfacher Proben entnommen 
werden, um beispielsweise Besiedlung und Inflammation, auch im Rahmen einer 
therapeutischen Intervention, zu überwachen, gerade bei jüngeren Patienten. 
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1.4 Therapie 
Wesentliche Verbesserungen in der Behandlung von CF-Patienten haben dazu geführt, dass 
die Lebenserwartung erheblich angestiegen ist. Erreichten vor 50 Jahren Patienten kaum das 
Vorschulalter, so liegt die Lebenserwartung von Kindern, die 2018 mit CF geboren werden, 
bei deutlich über 40 Jahren (www.cff.org; USA) bzw. 50 Jahren (muko.info – deutscher CF 
Register 2018). 
Die Therapie der Mukoviszidose erfolgt derzeit noch überwiegend symptomorientiert. 
Essentiell ist ein guter Ernährungszustand. Dabei besteht eine sehr enge Korrelation 
zwischen dem Body Mass Index (BMI) des Patienten und seiner Lungenfunktion48. Patienten 
mit exokriner Pankreasinsuffizienz (ca. 85% der deutschen CF Patienten / Mutationsklassen 
I-III) erhalten daher Pankreas-Enzyme sowie fettlösliche Vitamine und soweit nötig, im 
Rahmen einer Ernährungsberatung hochkalorische Nahrung und fettangereicherte 
Zusatznahrung. Weiterhin steht der Erhalt der Lungenfunktion im Fokus, welche regelmäßig 
mittels Spirometrie und Bodyplethysmographie gemessen wird. Vor allem festsitzender 
Schleim und Infektionen führen initial zu einer Verschlechterung der Lungenfunktion. Daher 
sind Mukolytika wie hypertone Saline oder auch rekombinante DNase, welche sowohl 
bronchial als auch nasal inhaliert werden können, sehr wichtig. Weiterhin werden Patienten 
physiotherapeutisch betreut und geschult, um Sekret mobilisieren und abhusten zu können 
(Autogene Drainage). Quartalsweise und/oder bei akuten Infekten werden Abstriche, 
Nasenspülsekret oder Sputum mikrobiologisch untersucht, um ggf. eine gezielte Antibiose 
oder Antimykose einleiten zu können. Viele Patienten, vor allem solche, welche nach den 
Leeds-Kriterien49 als dauerbesiedelt mit Keimen wie Pseudomonas (P) aeruginosa gelten, 
inhalieren Antibiotika auch kontinuierlich per Feucht- oder Trockeninhalation. Intravenöse 
Antibiosen erfolgen zusätzlich zur Eradikation von Keimen wie P. aeruginosa und z. Teil 
elektiv bei stabilen CF Patienten mit Dauerbesiedlung mit dem Problemkeim, um die 
Keimlast und die resultierende Inflammation und Narbenbildung zu reduzieren. 
Seit einigen Jahren erlangen Therapien, die den Basisdefekt am CFTR-Kanal adressieren, 
zunehmende Bedeutung. 2009 wurde mit Ivacaftor (VX-770, Kalydeco®) der erste Wirkstoff 
entdeckt, welcher in vitro direkt die Eigenschaften des CFTR-Kanals beeinflusste, im Sinne 
einer gesteigerten Öffnungswahrscheinlichkeit50. Man nennt diese Substanzen daher auch 
CFTR-Potentiatoren. Patienten, welche mindestens eine gating-Mutation G551D trugen, 
profitierten in ersten klinischen Studien sehr deutlich von der Therapie, Lungenfunktion, 
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Schweißtest und BMI verbesserten sich51. Allerdings profitiert davon nur ein kleiner Teil der 
CF-Patienten, da gating-Mutationen mit maximal 4% nur einen geringen Anteil unter 
Patienten mit CF haben. Ca. 70 % der deutschen Patienten tragen die Klasse-II-Mutation 
F508del, welche kaum auf die Behandlung mit Ivacaftor anspricht, da sich bei dieser 
Mutationsklasse kaum funktionell aktives Protein an der Zelloberfläche befindet (s. 1.1). 
Auch die am schwersten betroffenen Patienten mit Null-Varianten profitieren naheliegender 
Weise nicht von einer Ivacaftor-Therapie. In fortlaufenden Hochdurchsatz-Screenings 
wurden weitere Substanzen wie Lumacaftor, Tezacaftor oder Elexacaftor entdeckt, welche 
als Korrektoren eingruppiert werden, weil sie in vitro verhindern, dass fehlgefaltetes CFTR-
Protein vorschnell abgebaut wird. Durch die Kombination von Korrektor und Potentiator 
(z.B. Orkambi® oder Symkevi®) profitieren auch Patienten mit biallelischer F508del-
Mutation, allerdings nicht in der deutlichen Weise wie es bei Ivacaftor und gating-
Mutationen beobachtet werden konnte52. Viele weitere Agenzien befinden sich in der 
Testung. Vielversprechend erscheint die Triple-Therapie, bei der Ivacaftor und Tezacaftor mit 
VX-440, -152 und -659 kombiniert werden und eine Verbesserung des FEV1 von 10-12 % bei 
Patienten mit nur einer F508del-Mutation erreicht werden konnte53. Studien mit einer 
Dreifachkombination aus Elexacaftor-Tezacaftor-Ivacaftor Trikafta erzielten bei Patienten 
mit mindestens einer F508del nach 24 Monaten eine Steigerung des FEV1 von 14,3 % und 
ein um 63 % reduzierte Exazerbationsrate54. In der Phase-3-Studie mit F508del-
Homozygoten zeigten Heijerman et al., 2019 eine FEV1-Verbesserung von 10 %, eine 
Erniedrigung der Schweißchloridkonzentration um 45 mmol/l und eine Verbesserung der 
Lebensqualität55. 
Für nonsense-Mutationen (nmCFTR), welche bei 10 % der CF-Patienten vorliegen56 und zu 
einem schweren Phänotyp führen, werden sogenannte Stoppcodon-Überleser (PTCs oder 
Translational Readthrough Inducing Drugs (TRIDs)) entwickelt. Aminoglykoside, vor allem 
Gentamicin, haben eine gute PTC-Effizienz, sind aber aufgrund von nephro- und 
ototoxischen Wirkungen nicht als Dauermedikation einsetzbar. Modifizierte, sogenannte 
designer-Aminoglykoside zeigten weniger Nebenwirkungen57. Oxadiazole wie 
PTC124/Ataluren konnten im Mausmodell mit einer homozygoten G542X-Mutation ca. 25 % 
der CFTR-Funktion wiederherstellen58. In der Phase-2-Studie konnte eine gute 
Verträglichkeit, und vor allem bei Kindern in den oberen Atemwegen via nasaler 
Potentialdifferenzmessung eine Verbesserung der Chloridkanalaktivität bei ca. 50 % der 
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Patienten nachgewiesen werden59. Allerdings zeigte sich in der Phase-3-Studie kein Effekt 
auf die Zielparameter Lungenfunktion und Exazerbation, vor allem bei Patienten, welche 
zusätzlich mit Tobramycin behandelt werden60. Im Gebiet der nmCFTR erfolgen derzeit 
weitere intensive Forschungsarbeiten. Im Zellkulturmodell zeigten sich kürzlich sogenannte 
antisense Oligonukleotide (ASOs) bei Zellen mit der Stoppmutation W1282X als erfolgreich, 
nicht nur die Expression von CFTR, sondern auch die Kanalfunktion wiederherzustellen61.  
Die Ergebnisse der letzten 10 Jahre machen die Mukoviszidose somit zu einem 
Paradebeispiel für personalisierte Medizin. Nicht nur die Diagnose der Erkrankung selbst 
bestimmt die Therapie sondern auch der zugrunde liegende Genotyp ist essentiell. Darüber 
hinaus gibt es starke individuelle Unterschiede im Ansprechen auf eine Korrektor-
Potentiator-Therapie, welche sich nicht über Faktoren wie Adhärenz erklären lässt. Vor dem 
Hintergrund der extrem hohen Kosten für die neuen Therapeutika ist denkbar, dass in 
Zukunft z.B. Organoide (s. 1.2.4) von Patienten vor Beginn einer geplanten Therapie 
entnommen und die Wirksamkeit der Substanz zunächst in vitro getestet werden, bevor sie 
dem Patienten verabreicht wird (https://www.hitcf.org/). 
Seit der Entdeckung des CFTR-Gens 1989 erhofft man sich, die Erkrankung mittels 
Gentherapie heilen zu können. Allerdings konnte bislang keiner der Ansätze überzeugen, die 
Effizienz der liposomalen Vektoren war gering62, die Nebenwirkungen bei adenoviralen 
Vektoren aufgrund von Entzündungsreaktionen hoch63 und die Wirkdauer bei CFTR-mRNA-
enthaltenden Nanopartikeln zu kurz64. Die aktuellen Entwicklungen fokussieren sich auf 
lentivirale Vektoren, da diese sowohl auf sich teilende als auch auf sich nicht-teilende 
Zellenwirken, die Wirkung aufgrund von Erkennung von Oberflächenmarkern 
zelltypspezifisch erfolgen kann und nur eine geringe Wirtsimmunantwort generiert wird65. 
1.5 Spezielle Therapie der oberen Atemwege 
Im letzten Jahrzehnt gewann das ´united-airway-concept´ auch für die CF deutlich an 
Bedeutung. Die Schleimhaut der oberen Atemwege trägt den gleichen genetischen Defekt 
wie die Lunge. Daher ist es nur folgerichtig, dass in die Therapie auch das obere 
Atemwegssegment eingeschlossen werden muss, um langfristig die Lungenfunktion zu 
erhalten66, allerdings macht das Fehlen von großen Studien generelle 
Therapieempfehlungen schwierig. Entscheidend ist vor allem die Limitation einer Deposition 
von Wirkstoffen in diesem Segment. Konventionelle Inhalation erreicht dabei die 
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paranasalen Sinus kaum, erst durch Überlagerung einer Frequenz zwischen 40-100 Hz 
werden Medikamente als vibrierende Aerosole67 in den Nasennebenhöhlen deponiert. Auch 
nasale Spülungen erreichen die Sinus kaum. Selbst nach chirurgischen Eingriffen konnten nur 
bei 23 % der Patienten suffiziente Volumen an Spüllösung szintigraphisch detektiert werden. 
Eine effiziente Deposition von Therapeutika in die Sinuskann daher via Spülung nicht erzielt 
werden68. 
Mukolytika 
Wie auch für die unteren Atemwege sind Mukolytika wie Dornase alfa oder 
Kochsalzlösungen ein wichtiger Baustein, wobei Dornase alpha stärkere Effekte hat als 
hypertone Saline69 auf die Minderung von sinunasalen Symptomen im SNOT-20 GAV-Score. 
Hypertone Saline hat vermutlich auch stärkere Effekte auf die Sekretmobilisation, reizt aber 
die Schleimhaut, sodass es hier nicht zu einer signifikanten Abnahme der Symptome im 
SNOT-GAV kam. Wir haben hier auch keinen positiven Effekt auf die nasale Inflammation 
von CF Patienten mit CRS festgestellt70. Spülungen mit isotoner Kochsalzlösung sind 
unbedingt zu empfehlen zur Reduktion von Sekret und Krusten und erhöhen nachweislich 
die Lebensqualität71. 
Topische oder systemische Steroide 
Aus Studien mit Nicht-CF-CRS-Patienten ist bekannt, dass man mit einer mehrwöchigen 
Gabe oraler Steroide gute Effekte erzielen kann. Als Dauertherapie eignet sich dies jedoch 
aufgrund der multiplen Risiken einschließlich einer Diabetesentstehung für CF-Patienten 
eher nicht. Topische Steroide wirken gut bei CRS, die im Kontext einer allergischen Reaktion 
entstanden ist72, allerdings nicht so gut bei CF-CRS, möglicherweise, weil diese stark 
neutrophil dominiert ist. Die Datenlage ist derzeit nicht ausreichend für eine 
Therapieempfehlung, da große Studien fehlen73. 
Antibiotika 
Ein regelmäßiges Monitoring auf Keimbesiedlung und ggf. eine Mitbehandlung der oberen 
Atemwege ist unbedingt anzuraten. Sehr eingängig ist dazu der Fallbericht von Mainz et al., 
2019, der sehr gut dokumentiert, wie eine konsequente Therapie der oberen Atemwege mit 
vibrierenden Aerosolen (Colomycin, Tobramycin und Aztreonamlysin) und gleichzeitiger 
bronchialer Antibiotikainhalation in die unteren Atemwege sowie eine systemische Gabe 
verschiedener Antibiotika zu einer Eradikation eines P. aeruginosa bei einem damals 
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13jährigen CF-Patienten, trotz längerfristiger Besiedlung beider Atemwegsetagen erreicht 
werden konnte74.  
Auch in kleineren Studien konnte gezeigt werden, dass eine nasale Inhalation mit 
Tobramycin die Lebensqualität signifikant verbessert und die Besiedlung mit P. aeruginosa 
reduzieren kann75. 
CFTR-Modulatoren 
Zur Wirkung von CFTR-Modulatoren in den oberen Atemwegen gibt es bislang wenige Daten. 
Zumeist sind die Zielparameter der großen Studien auf die unteren Atemwege begrenzt. 
2010 zeigten Accurso et al., dass sich unter Ivacaftor die nasale Potentialdifferenz als auch 
die sinunasalen Beschwerden reduzieren76. Einzelfallbeschreibungen berichten aber 
Verbesserungen der sinunasalen Beschwerden und auch CT-Auffälligkeiten77 bei CF-
Patienten mit chronischer Rhinosinusitis und mindestens einer G551D-Mutation unter 
Ivacaftor-Therapie nach 5 bzw. 10 Monaten78,79. Es ist zu erwarten, dass auch die neueren 
Modulatoren, welche eine größere Gruppe von CF-Patienten erreichen, Effekte auf die 
oberen Atemwege haben werden.  
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2. Publikationen 
2.1 Methodik zur Gewinnung und Analyse von Material aus den oberen 
Atemwegen 
2.1.1 Soluble inflammation markers in nasal lavage from CF patients and 
healthy controls. 
Beiersdorf N, Schien M, Hentschel J, Pfister W, Markert UR, Mainz JG. 
J Cyst Fibros. 2013 May;12(3):249-57.80 
Die nasale Lavage ist eine einfache, schnelle und kostengünstige Methode, um Sekret aus 
den oberen Atemwegen zu gewinnen. Dem Probanden werden bei nach hinten gebeugtem 
Kopf 2x10 ml 0,9 %ige NaCl über eine sterile Spritze in die Nase gegeben. Anschließend 
beugt sich der Proband über einen Becher, um die Spülflüssigkeit aufzufangen. Entscheidend 
ist, dass der Proband mitarbeitsfähig ist und in der Lage, das weiche Gaumensegel zu 
schließen. Da auch die Zellen der oberen Atemwege den CFTR-Defekt tragen, war die 
Grundidee hinter dem Projekt, mit Hilfe der nasalen Lavage nicht-invasiv Material zu 
gewinnen und verschiedene Zielparameter für klinische Studien analysieren zu können. Mit 
dieser Methode waren zwischen 2005-2007 im CF-Zentrum am Universitätsklinikum Jena 
Proben von CF-Patienten gesammelt worden. Im Rahmen dieses Projektes zur Inflammation 
wurden dann zusätzlich von gesunden Kontrollpersonen nasale Lavagen gesammelt. 
Zunächst sollte die Frage beantwortet werden, ob sich diese Spülflüssigkeit eignet, um 
Inflammationsmarker zu untersuchen. Weiterhin wollten wir prüfen, ob mit dieser Methode 
Unterschiede zwischen CF-Patienten und gesunden Kontrollpersonen nachweisbar sind. In 
dieser Pilotstudie untersuchten wir die Mediatoren IL-8, IL-17A, sICAM-1, IL-1β, IL-6, TNF-α, 
IL-10 und IL-5 mittels Cytometric Bead Array und Durchflusszytometrie bei 40 CF-Patienten 
und 52 gesunden Kontrollen. Diese Marker waren aus Analysen der unteren Atemwege 
vorbeschrieben bzw. auch für die oberen Atemwege teilweise bereits analysiert worden, 
allerdings hier nach Gewinnung unter Sedierung und die Mediatoren waren mittels ELISA 
analysiert worden81. Fazit: Es zeigte sich, dass vor allem MPO und IL-8 verlässliche 
Messwerte zeigten und zuverlässig zwischen den CF-Patienten und der Kontrollkohorte 
diskriminierten. Darüber hinaus konnten wir sogar bei der geringen Fallzahl und einer darauf 
nicht vorselektierten Kohorte eine Korrelation zwischen Keimbesiedlung und 
Inflammationsmarkern nachweisen. 
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Abstract
Background: CF sinonasal and bronchial mucosa reveal identical ion channel defects. Nasal Lavage (NL) allows non-invasive repeated sampling
of airway surface liquid. We compared inflammatory mediators in NL from CF-patients and healthy controls, and in CF in relation to sinonasal
pathogen colonization.
Methods: From 40 CF-patients (mean age 21.8 yrs, SD 11.8 yrs.) and 52 healthy controls (mean age 31.9 yrs., SD 13.7 yrs.) NL-fluid (10 ml/nostril)
concentrations of MPO, IL-8, IL-17A, sICAM-1, IL-1β, IL-6, TNF-α, IL-10 and IL-5 were determined using cytometric bead arrays for flow
cytometry.
Results: CF-patients showed significantly higher MPO-concentrations in NL-fluid and higher IL-8-levels (n.s.) than controls. MPO, IL-8, IL-17A,
sICAM-1, IL-1β and IL-6 were significantly more often detectable in CF-patients than in controls. CF-patients with S. aureus colonization in both
upper and lower airways had significantly elevated MPO and IL-8 levels in NL-fluid compared to S. aureus negatives.
Conclusion: NL-fluid differed substantially between CF-patients and healthy controls with most promising results for IL-8 and MPO, a primarily
in CF-NL assessed mediator. Further studies are required to assess effects of sample collection and processing on concentrations of inflammatory
markers and to evaluate potentials of NL analysis in research and clinical routine.
© 2012 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction
Cystic fibrosis (CF) is characterized by viscous secretions
from exocrine glands. The resulting impaired mucociliary
clearance [1] also affects upper airways (UAW) and paranasal
sinuses. Thus, chronic rhinosinusitis and nasal polyposis (NP) are
characteristics of CF [2], with abnormal CT sinonasal scans in
almost all patients [3]. The resulting symptoms like chronic nasal
blockage, runny nose, postnasal discharge, mouth breathing, facial
pain, anosmia, and sleep disorder considerably impair quality of
life [4,5]. Most important, chronic rhinosinusitis with impaired
mucociliary clearance converts the sinonasal space into a niche for
primary pathogen colonization. Adaptation and evolution of
pathogens at this site may be followed by their descent into the
lower airways (LAW) causing chronic pulmonary infection [6,7].
Genetic identity of pathogen pairs isolated from the UAW and
LAW of individuals with CF resulted in 96% for P. aeruginosa
and 84% for S. aureus, as we published recently [7]. However,
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only a few studies have supported the major role of UAW as a
gateway and a reservoir for microbial pathogens, which in the end
is prominent for the overall survival in CF [6–11]. Common
colonization with pathogens in both airway levels underlines the
need to treat UAW and LAW as one-airway-system. In this regard
early detection of pathogens in the UAWmay facilitate eradication
before descent into the LAW and a following purposeful therapy
should further improve prognosis of CF [7].
Independent on symptomatic or causal therapy, methods to
assess inflammatory status of the airways are imperative, also for
efficacy monitoring of therapeutic measures [12]. Current
standards of airway sampling in CF include throat swabs,
(induced) sputum and bronchoalveolar lavage (BAL), the golden
standard to sample airway surface liquid but limited for its
invasiveness [13]. Although Nasal Lavage (NL) has the potential
of non-invasive and repeated sampling of the airway surface
liquid, only few authors discussed NL as diagnostic method to
evaluate CF airway inflammation [7,14–16]. In this regard, Pitrez
et al., who analyzed both airway segments by nasal wash (NW),
performed during anesthesia in supine position with 1 ml saline
using a suction catheter, and BAL from CF children, found a
significant association between IL-8 levels and the percentage of
neutrophils in both NW and BAL as well as a significant
correlation of IL-8 levels in NW and BAL. Authors concluded
that nasal inflammation may reflect lung inflammation, so that
NL could give insights into LAW pathology [14].
The aim of the present study was to assess the profiles of
selected inflammatory mediators in NL from CF patients
compared to healthy controls and to identify promising
inflammation biomarkers for further studies in this field. In
CF patients, possible differences of inflammatory patterns in
regard to sinonasal pathogen colonization should be assessed.
We analyzed the inflammation markers interleukin (IL)-8,
IL-17A, IL-10, IL-5, IL-1β, IL-6 and tumor necrosis factor
(TNF)-α as well as myeloperoxidase (MPO) and soluble
intercellular adhesion molecule (sICAM)-1.
Additionally, clinical and serological parameters including
age, criteria for chronic rhinosinusitis, allergic sensitization,
Shwachman-Score, BMI percentile, preceding sinonasal sur-
gery, current Azithromycin or nasal steroid therapy, coloniza-
tion of UAW and LAW, FEV1, MEF 75/25, IgE and IgG were
correlated to sinonasal inflammatory markers.
2. Patients, materials and methods
2.1. Study population (also see Table 2)
NL was obtained from 40 CF patients between November
2005 and February 2007. The same patients have been previously
included in a cross sectional study on sinonasal involvement in CF
[7]. Samples from a control group consisting of 52 healthy
subjects were collected prospectively. The patient group was
compared with the control group in respect of inflammation
markers in NL and assessed for correlation of biomarkers with
clinical and serological parameters which might affect inflamma-
tion such as sinonasal bacterial colonization within CF patients.
The inclusion criterion for the control group was minimal age of
five years, which appears necessary for correctly performing NL.
Inclusion criteria for patients were an established diagnosis of CF
confirmed by at least two positive sweat tests and/or two
disease-causing CFTR mutations. Exclusion criteria were acute
infection, systemic antimicrobial therapy against P. aeruginosa,
sinonasal surgery within the last six months prior to recruitment of
samples, frequent nose bleeding, and perforation of the tympa-
num. Treatment with inhalative aminoglycosides or Colistin and
oral macrolides, which are common long-term therapies in CF
patients with chronic P. aeruginosa colonization, was quoted
without being exclusion criteria. Chronic P. aeruginosa coloniza-
tion was defined according to Lee et al. [17] Other diseases of the
nose, paranasal sinuses, UAW or LAW including allergic rhinitis
or other allergy associated disorders and ABPA (allergic
bronchopulmonary aspergillosis) as well as applied medications
including nasal use of topical steroids and NSAR (non-steroidal
anti-rheumatics) at the day of presentation and during the
preceding year were quoted [7]. BMI percentiles were calculated
using a web based databank (Labor Limbach, Heidelberg,
Germany).
The study was approved by the Ethics Committee of the
Faculty of Medicine, University Jena, Germany. A written
declaration of consent from all probands was obtained.
2.2. Nasal lavage
The procedures of therapeutic and diagnostic NL are similar;
they differ in applied volumes and retention time. Diagnostic NL
was performed by slowly instilling 10 ml sterile isotonic saline
into each nostril by using a 10 ml syringe, while the subject
reclined the head and closed the soft palate. The solution was
retained for approximately 10 s in the nasal cavities without
swallowing. After that, it was expulsed by forward flexing the
head, lightly exhaling and rinsing lavage liquid into a sterile
plastic beaker. Patients were strictly instructed to collect only
secretions from the nose in the sterile beaker, whereas secretions
deriving from the mouth had to be spit into the lavatory [7,18].
Immediately after collection, uncentrifuged NL-fluid was taken
up in sterile syringes and stored at 4 °C. Within 2 h after
collection, NL-fluid was aliquoted and frozen at −70 °C. Protein
concentration was measured by using a microvolume spectropho-
tometer at 280 nm wavelength (NanoDrop 1000 spectrophotom-
eter; Thermo Scientific). No anti-proteases were added.
2.3. FlowCytomix and flow cytometry
Concentration of the inflammation markers IL-1β, IL-5, IL-6,
IL-8, IL-10, IL-17A, TNF-α, the neutrophil derived enzyme
MPO, and sICAM-1 in the NL-fluid were measured by applying
a FlowCytomix (eBioscience) according to the manufacturer's
instructions. In brief, all different bead populations coated with
antibodies against the above-mentioned inflammation markers
were mixed and incubated with 25 μL NL. For detection a
biotin–streptavidin system was applied and samples were
measured by flow cytometry (FACS Calibur; BD). Results were
calculated by using the kit implemented software FlowCytomix
(eBioscience).
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For statistical analyses IBM SPSS statistics Version 19 was
used. At first, the number of samples with values above the
detection limit was counted for each analyte. Concentrations of
IL-8 and MPO were mostly above the detection limit and
subsequently analyzed by applying Mann–Whitney-U-test and
Fisher's Exact Test. For statistical evaluation of the concentra-
tions of the other factors which were mostly below the detection
limits (IL-1β, IL-5, IL-6, IL-10, IL-17A, TNF-α, and sICAM-1)
exclusively Fisher's Exact Test has been performed. (Table 3) In
order to assess possible correlations between the analyzed
inflammation markers and clinical as well as serological
parameters, the values for MPO and IL-8 were applied in a
metric scale and those for IL-1β, IL-5, IL-6, IL-10, IL-17A,
TNF-α and sICAM-1 in a nominal scale, with two values: “below
detection limit” and “above detection limit” (Table 2). For
analyzing correlations between MPO or IL-8 concentrations and
the metric or ordinal clinical variables Spearman's Rho was
applied. Differences between subgroups classified by nominal
variables were evaluated by Mann–Whitney-U-Test. Differences
in distribution of the nominally scaled analytes and the nominal
clinical variables were calculated by applying the Fisher's Exact
Test. (Table 1) All reported p-values are two-tailed and we
defined statistical significance at the 5% level.
3. Results
3.1. Demographic data
The mean age was 21.8 years (median=20.0; SD=11.8;
range: 5-65) in the 40 CF patients (19f/21 m) and 31.9 years
(median=30.0; SD=13.7; range: 9-60) in the 52 healthy
controls (38f/14 m). Allergic sensitization was found in 25/39
(64.1%) of CF patients and 17/52 (32.7%) of controls. Of these
39 CF patients with assessment of allergy, 10 (25.6%) reported
allergic rhinitis, and 12/52 (23.1%) of controls. 2 of 40 CF
patients (5.0%) suffered from ABPA. Of our 40 CF patients 2
were treated with nasal topical steroids at inclusion and none




Total volumes of the retrieved NL-fluid after diagnostic
lavage with 20 ml of isotonic saline varied from 7 to 19 ml in CF
patients (n=39), and from 6 to 18 ml in controls (mean=14.2,
respectively 14.3 ml; median=14.0, respectively 15.0 ml; SD=
3.2, respectively 2.6 ml). Altogether, mean recovery rates
resulted in 71% respectively 72% of applied volumes.
3.2.2. Standardization of NL analyte concentrations by
concentration of total protein
As an additional parameter, which could provide information
about dilution, we measured the total protein concentration of
each NL sample. For the entity of all subjects, CF patients,
respectively controls the mean concentrations±standard error of
total protein resulted in 0.27±0.025, 0.26±0.038, respectively
0.28±0.032 mg/ml (medians: 0.22, 0.19, respectively 0.22 mg/
ml). We standardized each analyte concentration by the content
of total protein (standardized analyte concentration=analyte
concentration / concentration of total protein). Statistical analysis
of these standardized values did not yield results notably different
from those displayed in the previous paragraphs (without
standardization). In consequence, standardization to total protein
does not appear to be necessary for overcoming dilution effects in
NL.
3.3. Inflammation markers in NL
Concentrations of MPO, IL-8, IL-17A, sICAM-1, IL-1β,
IL-6, TNF-α, IL-10, and IL-5 in NL-fluid from CF patients and
healthy controls, measured by using FlowCytomix and flow
cytometry, are shown in Table 3.
The inflammation markers MPO, IL-8, IL-17A, sICAM-1,
IL-1β, and IL-6 were significantly more often detectable in NL
from CF patients than from controls (Fisher's Exact Test). Also
IL-5 was more, but TNF-α and IL-10 less frequently detectable
in CF patients than in controls (n.s.). Concentrations of MPO
and IL-8 were higher in NL-fluid from CF patients than from
controls (significant for MPO, Mann–Whitney-U-Test; Fig. 1).
Detailed results including p-values for the corresponding tests
are presented in Table 3.
3.3.1. MPO
Results are shown in Table 3 and Fig. 1a.
3.3.2. IL-8
Results are shown in Table 3 and Fig. 1b.
3.3.3. Correlation between MPO and IL-8, clinical parameters
and pathogen colonization
The statistical analysis yielded a highly significant correlation
between MPO and IL-8 concentrations (entity of all subjects: r=
Table 1
Statistical tests for relations between analytes and clinical and serological characteristics.
Analytes
Metric Nominal
MPO, IL-8 IL-1β, IL-5, IL-6, IL-10, IL-17A, TNF-α, sICAM-1
Clinical and serological characteristics Metric/ordinal Spearman's Rho Mann–Whitney-U-test
Nominal Mann–Whitney-U-test Chi-square test
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0.565, pb0.001; CF patients: r=0.626, pb0.001; controls: r=
0.570, pb0.001).
Furthermore, we found a significant negative correlation
between IL-8 concentration and age in the entity of all subjects
(r= -0.245; p=0.018), and between MPO concentration and
recovered fluid volume in controls (r= -0.462; p=0.001) but
not in CF patients. MPO and IL-8 did not significantly correlate
with other metric and ordinal variables (Table 2).
MPO concentration was significantly elevated in males
(p=0.034) and in allergic subjects (p=0.043) in the entity of
all subjects. We also found an increased MPO concentration
in CF patients with previous sinonasal surgery (p=0.003).
Following, we focused on UAW colonization and separated
CF patients in four groups: both S. aureus and P. aeruginosa
(UAW-SA+PA; n=3), exclusively S. aureus (UAW-SA; n=13),
exclusively P. aeruginosa (UAW-PA; n=10) and no colonization
of UAW (UAW-0; n=14). MPO and IL-8 levels in NL-fluid were
significantly higher in UAW-SA compared to UAW-0 (p=0.002,
each) and UAW-PA (MPO: p=0.013; IL-8: p=0.015). Neither
other comparison between subgroups yielded statistically signif-
icant concentration differences (Fig. 2).
There were no significant differences between the groups
regarding the other nominal variables (Table 2) with respect to
MPO respectively IL-8 concentrations.
3.3.4. IL-17A, sICAM-1, IL-1β, IL-6, TNF-α, IL-10, and IL-5
IL-17A, sICAM-1, IL-1β and IL-6 were detected signifi-
cantly more frequent above the detection limit in NL-fluid from
CF patients than from healthy controls. It is noticeable that in
the control group the concentration of sICAM-1 was not found
above the detection limit in any sample and there was only one
sample with IL-6 concentration situated above the detection
limit.
In CF patients TNF-α and IL-10 were found more often
below the detection limit than in controls, but this difference
did not reach statistical significance. For IL-5 we found similar
frequencies of detection for CF patients and controls (n.s.).
4. Discussion
CF sinonasal mucosa reveals the same ion channel defect as
LAW mucosa, resulting in defective mucociliary clearance at
Table 2
Clinical and serological parameters of CF patients.
Metric and ordinal variables n Mean Median SD Range
FEV1 (l) 40 2.31 1.95 1.29 0.7–4.8
FEV1 (% predicted) 40 75.46 80.00 31.34 17–132
MEF75/25 (l/s) 40 2.17 1.55 2.03 0.4–10.8
MEF75/25 (% predicted) 40 57.36 58.00 40.00 7–163
Shwachman-Score (without Chest-X-Ray) 40 64.38 70.00 15.33 30–75
BMI percentile 40 24.75 24.20 19.61 0–69.1
Nominal variables n Absolute frequency (%)
Preceding sinonasal surgery 40 19 (47.5)
Current Azithromycin therapy 40 19 (47.5)
Current nasal steroid therapy 40 3 (7.5)
IgE elevated 38 15 (39.5)
IgG elevated 34 11 (32.4)
No Acute Remittent Chronic
EPOS-criteria for chronic rhinosinusitis a 0 (0.0) 31 (86.1) 5 (13.9)
Nasal blockage or obstruction or congestion 0 (0.0) 30 (83.3) 6 (16.7)
Anterior or posterior nasal drip 0 (0.0) 27 (75.0) 9 (25.0)
Facial pain or pressure 20 (55.6) 15 (41.7) 1 (2.8)
Reduction or loss of smell 17 (47.2) 12 (33.3) 7 (19.4)
Permanent colonization LAW: 40
P. aeruginosa (non-mucoid P.a./mucoid P.a.) 3/15 (37.5/7.5)
S. aureus (MSSA/MRSA) 19/1 (2.5/47.5)
Detection in UAW: 40
P. aeruginosa (non-mucoid P.a./mucoid P.a.) 4 / 9 (22.5 / 10.0)
S. aureus (MSSA/MRSA) 15/1 (2.5/37.5)
detection in LAW: 40
P. aeruginosa (non-mucoid P.a./mucoid P.a.) 5/12 (30.0/12.5)
S. aureus (MSSA/MRSA) 15/1 (2.5/37.5)
Abbreviations: SD = standard deviation; FEV1 = forced expiratory volume in one second; MEF75/25 = maximal expiratory flow between 25 and 75% of forced vital
capacity; BMI = bodymass index; IgE = immunoglobulin E; IgG = immunoglobulin G; LAW= lower airways; UAW= upper airways;P. aeruginosa = P.a. = Pseudomonas
aeruginosa; S. aureus = Staphylococcus aureus; MRSA = Methicillin-resistant Staphylococcus aureus; MSSA = Methicillin-sensitive Staphylococcus aureus.
a Clinical definition criteria of rhinosinusitis with 3 groups “no symptoms” (no), “acute/ intermittent symptoms (b12 weeks/year)” (acute) and “chronic symptoms
(≥12 weeks/year)” (chronic) according to the 2007 EPOS consensus paper (European Position Paper on Rhinosinusitis and Nasal Polyps from the European
Academy of Allergology and Clinical Immunology) [20].
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the different airway levels. However, UAW immunology and
inflammatory patterns in CF have not been sufficiently assessed.
The present preliminary study was performed to assess
potential soluble inflammation markers in NL from CF patients
for following studies in this field and to compare results to
findings from healthy controls.
Altogether, concentrations of MPO, IL-8, IL-17A, sICAM-1,
IL-1β, and IL-6 exceeded the detection limit significantly more
often in CF patients than in controls, whereas there were no
significant differences in TNF-α, IL-10, and IL-5 concentrations
between both groups.
4.1. Limitations
The present manuscript compares mediator concentrations in
NL fluid from a well-defined CF cohort sampled 5 years before
analysis and frozen at −70 °C within 2 h after sampling with NL
fluid from healthy controls obtained 2 months before analysis
and equally frozen at −70 °C within comparable times.
Differences in storing times can have effects on mediator
concentrations. For one of the principle parameters, IL-8, this
question has been assessed previously by Berry et al. finding
that storage at temperatures as applied to our samples did not
influence IL-8 concentrations for up to 6 years [19]. Additionally,
for most mediators assessed within our trial population the longer
stored samples resulted significantly higher and/or significantly
more often positive for the mediators than samples from our
healthy controls.
Additionally, mean age of controls differed from mean age of
CF patients. However, mediator concentrations in NL between
patients and controls were so marked, that we do not expect








































Fig. 1. Comparison of MPO (a) and IL-8 (b) concentration between CF patients and healthy controls. Extreme IL-8 values of controls (818.6; 3492.5 pg/ml) and CF
patients (4299.1; 4469.3; 11514.8 pg/ml) in (b) are not shown because of scaling.
Table 3
Inflammation markers in NL from CF patients and healthy controls (sorted by frequency of detection).
Analyte (Unit) DL Frequency of detection
(%)
Median Range (Min–Max) p
CF Controls CF Controls CF Controls CF:controls
MPO
(ng/ml)








2.5 35.0 5.8 0.0 0.0 0.0–47.5 0.0–123.3 0.001 a
sICAM-1
(ng/ml)
5.3 17.5 0.0 0.0 0.0 0.0–33.2 (0 VNDL) 0.002 a
IL-1β
(pg/ml)
4.2 17.5 3.8 0.0 0.0 0.0–152.8 0.0–394.9 0.038 a
IL-6
(pg/ml)
1.2 15.0 1.9 0.0 0.0 0.0–80.2 0.0–90.9 0.040 a
TNF-α
(pg/ml)
3.2 10.0 15.4 0.0 0.0 0.0–46.6 0.0–93.1 n.s. a
IL-10
(pg/ml)
1.9 10.0 15.4 0.0 0.0 0.0–42.5 0.0–84.7 n.s. a
IL-5
(pg/ml)
1.6 10.0 7.7 0.0 0.0 0.0–57.2 0.0–182.6 n.s. a
Abbreviations: NL = nasal lavage; DL = detection limit; SD = standard deviation; Min = Minimum; Max = Maximum; VNDL = value/s above the detection limit;
MPO = myeloperoxidase; IL = interleukin; sICAM-1 = soluble intercellular adhesion molecule 1; TNF- α = tumor necrosis factor α.
a Fisher's Exact Test for comparison of frequency of positive samples (5% significance level, two-tailed).
b Mann–Whitney-U-Test for comparison of measured concentrations (5% significance level, two-tailed).
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Compared to healthy controls CF patients had significantly
higher MPO concentrations in NL-fluid. This finding is new, as to
our knowledge, MPO has not been assessed previously in NL
from CF patients. MPO is a neutrophil-derived protein released
during oxidative burst and catalyzes the production of various
oxidants, so that elevated levels can be regarded as markers for
neutrophil activity [20,21]. Previously, in CF elevated MPO
concentrations were found in serum [22], sputum [23–25], and
BAL compared to healthy controls [21,26]. Also, surgically
obtained sinonasal mucosal tissue from CF patients with NP had
significantly higher MPO concentrations compared to healthy
controls (pb0.001) [27,28]. Peroxidase activity and MPO
concentration in BAL-fluid were significantly higher in CF
patients than in healthy controls and both parameters correlated
strongly in CF (r2=0.84, pb0.001). The authors stated that MPO
is the predominant peroxidase in BAL-fluid from childrenwith CF
[21]. Downey and coworkers showed that MPO in CF sputum has
relevant correlation with the course of the patients' disease as it
was significantly increased in participants who did not survive the
study period. Therefore, elevated MPO levels in CF airways seem
to be linked to a poorer outcome [29] and it is a most promising
marker for further studies in this field.
4.3. IL-8
Compared to healthy controls IL-8 was more often detectable
in CF patients. The chemotactic active cytokine IL-8 attracts
neutrophils to migrate from the circulatory system into surround-
ing tissue and activates neutrophil degranulation [15]. Previous
studies revealed significantly increased IL-8 concentrations in
NL-fluid from CF patients compared to healthy controls
(pb0.001, respectively pb0.0001) [15,30] and patients with
idiopathic NP (pb0.05) without revealing differences between
CF patients with and without NP [15]. In accordance to these
studies, we found IL-8 concentrations in NL-fluid significantly
more often above the detection limit in CF patients than in
controls. However, in our cohort concentration differences
between CF patients and controls did not reach statistical
significance because of relatively high variance of values.
Thereby, we exclude storage effects on IL-8 levels, which
were proven stable in BAL-fluid for up to 6 years at −80 °C
[19], as stored in our CF cohort. IL-8 concentrations might
increase with age of subjects, as reported for induced sputum
for both CF patients and non-CF controls (r =0.41; pb0.05)
[31]. Therefore, this might act as a minor confounder in our
study with higher mean age in controls.
Additionally, in NL-fluid from children with CF Noah et al.
found slightly lower median IL-8 concentrations than in controls
(186 pg/ml vs. 204 pg/ml; n.s.) [32] as McShane et al. who even
reported undetectable IL-8 concentrations in the majority of NL
samples from adult CF patients [33]. Differences may be due to
different assessment methods and detection limits. Further
studies are necessary in order to identify confounding factors
and to standardize the method of analyzing NL.
4.4. Correlation between MPO and IL-8 as well as pathogen
colonization
In the present study MPO and IL-8 concentrations in
NL-fluid correlated with high significance for all assessed
groups. This accords to our expectations, as both IL-8 and
MPO are markers of neutrophil activity [15,20].
Focusing on UAW pathogen colonization it is remarkable
that both inflammation markers were significantly elevated in
CF patients with solitary S. aureus colonization compared to
those with solitary P. aeruginosa colonization or pathogen
negatives (Fig. 2). These findings in NL accord to Sagel et al.,
who found significantly higher IL-8 concentrations in BAL-
fluid from CF patients with detection of S. aureus compared to
those without S. aureus detection [34]. Apparently, S. aureus
gives a strong stimulus for UAW inflammation, even more
pronounced than P. aeruginosa. In this regard, enterotoxins
released from S. aureus are discussed to act as superantigens on
inflammatory T- and B-cells as well as eosinophils. Via type 2
helper T-cells this stimulus is reported to lead to an eosinophilic











































































Fig. 2. Comparison of MPO (a) resp. IL-8 concentration (b) in respect of UAW colonization, four subgroups: both S. aureus and P. aeruginosa (UAW-SA+PA; n=3),
exclusively S. aureus (UAW-SA; n=13), exclusively P. aeruginosa (UAW-PA; n=10) and no colonization (UAW-0; n=14). p-values for statistically significant
differences between groups are represented. Extreme values of UAW-SA (11514.8; 4469.3; 4299.1 pg/ml) in (b) are not shown because of scaling.
6 N. Beiersdorf et al. / Journal of Cystic Fibrosis xx (2012) xxx–xxx
Please cite this article as: Beiersdorf N, et al, Soluble inflammation markers in nasal lavage from CF patients and healthy controls, J Cyst Fibros (2012), http://
dx.doi.org/10.1016/j.jcf.2012.08.015
Seite 28
UAW and LAW [35]. It remains to analyze whether the
inflammatory stimulus of S. aureus can be ascertained with larger
collectives.
4.5. IL-17A, sICAM-1, IL-1β, IL-6, TNF-α, IL-10, and IL-5
We detected IL-17A in NL-fluid significantly more frequent
in CF patients. IL-17A is a pro-inflammatory cytokine produced
by activated memory T-cells and stimulates granulopoiesis
through regulating the expression of G-CSF (granulocyte
colony-stimulating factor) as well as the mobilization of
neutrophils via a signaling pathway including lung fibroblasts
and airway epithelial cells which induce a gradient of chemokines
[36,37]. In the available publications IL-17A was not assessed in
CF UAW material and this cytokine is promising for future
studies applyingmethods with lower detection limits (e.g. ELISA
techniques).
sICAM-1 could be detected in 17.5% of NL samples from
CF patients but not in controls (highly significant difference).
Also sICAM-1 has not been assessed in present publications on
CF UAW and it appears promising for methods with higher
sensitivity.
Also the significantly more frequent detection of the pro-
inflammatory cytokine IL-1β [38], which has not been assessed
previously in NL from CF patients, correlates to previous
publications. Significantly higher IL-1β levels were found in
sinonasal mucosal tissue from CF patients with NP compared to
controls, to patients with chronic rhinosinusitis and to non-CF
patients with NP [27]. The mediator also was elevated in CF
LAW samples [39–43].
In NL-fluid we also detected the pro-inflammatory
cytokine IL-6 [38] significantly more often in CF patients
than in controls. A previous paper reported IL-6 detection
frequency of 19% in NL from healthy subjects [20]. In another
study, mean IL-6 concentrations in NL-fluid from adult
healthy volunteers were approximately 5 pg/ml [44]. Both
research groups used ELISA for measuring IL-6 [20,44],
which had a lower detection limit than the bead arrays used in
our study.
The pro-inflammatory cytokine TNF-α [38] seems to be
unsuitable as inflammation marker in NL, with the current
detection methods was found in 10% of CF patients and 15% of
controls. In the only available study assessing TNF-α in NL
from CF patients, TNF-α was reported as undetectable by the
applied ELISA [33].
The detection frequencies of the anti-inflammatory cyto-
kine IL-10 [12], and IL-5, which plays a decisive role in
recruitment and activation of eosinophils [45], were not
significantly different between NL-fluid from CF patients and
controls. Alone Noah et al. investigated the IL-10 concentra-
tion in NL-fluid from CF patients compared to healthy
controls before us without finding significant differences but
speculating about a trend towards lower IL-10 levels in
NL-fluid from CF patients [32]. The small number of
detectable IL-5 concentrations in NL-fluid was also noted
from Henriksson et al., who did not find measurable levels in
CF NL-fluid [30].
4.6. Method of diagnostic NL
Current standard methods to sample airways include throat
swabs, (induced) sputum, and BAL [13]. NL, which does not
belong to present routine CF management, allows simultaneous
assessment of inflammation and pathogen colonization like the
other mentioned techniques. Its strong advantage over BAL is
non-invasiveness within sampling of airway surface liquid. Its
potential side effect is aspiration of isotonic saline at lower
levels than by swimming in the sea. For other diseases like
bronchial asthma NL as a diagnostic tool to sample airway
surface liquid has been assessed previously with promising
results for IL-6, IL-8, and ECP (eosinophil cationic protein) and
undetectable mediators like GM-CSF (granulocyte-macrophage
colony-stimulating factor) [46].
Marked differences in patterns of soluble inflammation
markers between CF patients and controls make NL highly
interesting as surrogate parameter for studies applying novel
systemic therapeutic options including chloride channel activa-
tors and potentiators [47]: effective drugs could bring inflamma-
tion patterns in airway surface liquid down, near to the level of
healthy controls. As BAL is not suitable for frequent controls,
and nasal potential measurement is far too complicated for
frequent application in multiple study sites, airway surface liquid
sampling by NL would be most promising. In this regard further
investigation of NL potentials can contribute to further improve-
ment of the course of CF [5,11].
5. Conclusions
Non-invasive methods which allow repeated sampling of
airway surface liquid within routine care are of special interest. In
this preliminary study, which compares NL from CF patients and
healthy controls, we found substantial differences of inflamma-
tion markers with some remarkable relation to specific pathogens
detected within same CF NL fluid samples. Especially MPO,
which is measured for the first time in NL-fluid from CF patients,
and IL-8 are easily quantifiable by the applied cytokine bead
arrays. Some interesting markers might require more sensitive
assays. Future studies in this promising field should focus on
methodological questions including standardization of sampling
and processing methods; they should include assessment of
cytology in regard to colonization status and compare UAW and
LAW surface liquid.
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P U B L I K A T I O N E N  
2.1.2 Influences of nasal lavage collection-, processing- and storage methods 
on inflammatory markers evaluation of a method for non-invasive 
sampling of epithelial lining fluid in cystic fibrosis and other respiratory 
diseases. 
Hentschel J, Müller U, Doht F, Fischer N, Böer K, Sonnemann J, Hipler C, Hünniger K, 
Kurzai O, Markert UR, Mainz JG. J Immunol Methods. 2014 Feb;404:41-51.
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Während wir für die erste Arbeit die grundsätzliche Nutzbarkeit der nasalen Lavage für die 
Bestimmung von Entzündungsmarkern geprüft hatten, hatte die hier vorgestellte Arbeit das 
Ziel, die Methode der nasalen Lavage genauer zu evaluieren und Faktoren, welche Einfluss 
auf die Messergebnisse haben, zu identifizieren. 
Wir untersuchten an gesunden Probanden den Einfluss von wiederholten Nasenspülungen 
auf die Entzündungsmarker. Es zeigte sich, dass schon eine zweite Lavage innerhalb von 4 h 
die Messwerte deutlich reduzierte. Wir prüften, ob Zentrifugationsschritte vor der Lagerung 
notwendig sind. Es ergab sich hierbei kein nennenswerter Einfluss. Anders jedoch beim 
Einsatz von Stabilisatoren. Bereits bei Proben, die ca. 1-2 Jahre alt waren, konnten wir 
zeigen, dass sich Messwerte ohne die Zugabe von Protease-Inhibitoren verringerten. Einen 
wichtigen Einfluss hat auch die Lagerdauer. Dazu verglichen wir 5 Jahre alte Proben aus der 
Studie von Natalie Beiersdorf mit aktuellen Proben. Die Unterschiede waren geradezu 
dramatisch, z.B. war IL-8 in 10x höherer Konzentration in frisch gesammelten Proben 
nachweisebar als in Proben, die seit 5 Jahren bei -70 °C eingefroren waren. Essentiell ist 
auch, Proben nicht mehrfach aufzutauen.   
Auch die Methodik selbst wurde angepasst. Während wir für die erste Publikation zu diesem 
übergeordneten Gesamtthema noch eine Durchflusszytometrie für die Endanalyse nutzten, 
entwickelten wir im Rahmen dieser Arbeit sowohl die Methodik als auch die Gruppe der 
Zielparameter weiter. So untersuchten wir nun Polymorphonuclear leukocyte elastase (NE), 
Myeloperoxidase (MPO), Interleukin (IL)-1/IL-6/IL-8 und Tumor Nekrose Faktor alpha (TNF) 
mittels ELISA und Multiplex Bead-Arrays. Diese Methoden hatten eine höhere Sensitivität 
und ergaben daher zuverlässigere Messwerte.  
Fazit: Durch die Ergebnisse der Arbeit konnten wir Standards für das Sammeln, Lagern und 
Analysieren der Biobank für unsere Folgeprojekte festlegen und auch Kooperationspartnern 
validierte Methoden an die Hand geben. Um vergleichbare Ergebnisse zu erhalten, dürfen 
Lavagen nur 1x täglich durchgeführt werden und sollten möglichst unter Zugabe von 
Protease-Inhibitoren in Aliquots bei mind. -70 °C nicht länger als 5 Jahre gelagert werden.
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Background: Non-invasive sampling of airway epithelial-lining-fluid by nasal lavage (NL) is an
emerging method to monitor allergy, infection and inflammation in patients with respiratory
diseases. However, the influences of collection-, processing- and storage-methods have not
been sufficiently evaluated and standardized.
Methods: Influences of repeated NL, centrifugation setups, repeated freezing and thawing, and
protease inhibitors on mediator concentration were evaluated in healthy controls and CF
patients, which serve as a model for chronic bacterial infection and inflammation.
Polymorphonuclear leukocyte elastase (NE)/myeloperoxidase (MPO)/interleukin (IL)-1/IL-6/
IL-8 and tumour necrosis factor alpha (TNF) concentrations were measured using ELISA and
Multiplex Bead-Arrays.
Results: NL-repetition within 0.5–4 h markedly decreased NE, IL-8 and MPO-concentrations for
up to 70%.NL centrifugation up to 250 ×g for cellular differentiation did not significantly influence
mediator concentration in native and processed NL fluid. NL freezing and thawing
markedly decreased IL-8 and MPO concentrations by up to 50% while NE remained stable.
In contrast to preceding reports, storing at −70 °C for ≥5 years led to significantly
reduced mediator concentrations in NL compared to contemporary analyses, being most
pronounced for IL-1β, IL-6 and TNFa. Storing of samples in the presence of protease
inhibitors led to an increase in marker concentration for IL-8 (+27%) and MPO (+15%)
even after one year of storage.
Conclusions: NL is an easy and robust technique for inflammation monitoring of the upper
airways. For the first time we have shown that diagnostic NL should be performed only once
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cytokine analysis over 1–2 years with protease inhibitors supporting stability, ≥5 years
storage as well as repeated freezing and thawing should be avoided.
© 2013 Elsevier B.V. All rights reserved.
1. Introduction
The upper airways (UAW) have an important climate and
filter function in the respiratory system as about 12,000 L of
airflow pass the adult nose every day, being hydrated and
with up to 95% of particles being filtered out (Beule, 2010).
Dysfunction of the UAW results in bronchial inhalation of
cold, dry and non-filtered air which negatively affects lower
airway (LAW) function and increases bronchial hyper-sensitivity
as described in asthma (Leynaert et al., 2000; Bresciani et al.,
2001; Bergeron and Hamid, 2005). Consequently, in patients
with allergic rhinitis stimulated by allergens, enhanced inflam-
matory mediators in sputum samples were detected (Semik-
Orzech et al., 2009). Moreover a descend of pathogens from the
upper to the lower airways by postnasal drip and their aspiration
was shown (Ostertag et al., 2003).
In Cystic Fibrosis (CF), an autosomal recessive disorder,
known as the causative Cystic Fibrosis Transmembrane Conduc-
tance Regulator (CFTR) alteration, is present in the upper and
lower respiratory system. This leads to viscous secretions (Rowe
et al., 2005) facilitating airway-colonisation with opportunistic
bacteria like Pseudomonas (P.) aeruginosawhich are found in CF
upper airways (UAW) as the site of first and persistent
colonisation (Hansen et al., 2012; Mainz et al., 2011, 2012).
This is important as P. aeruginosa can be eradicated in new
colonisation before changing from planktonic to sessilemucoid
phenotype. Additionally, mucoid P. aeruginosa is associated
with enhanced infection and inflammation (Kerem et al., 1990;
Henry et al., 1992). Almost 100% of CF patients reveal UAW
abnormalities in Computer Tomography scans (Eggesbo et al.,
2001); chronic rhinosinusitis (CRS) and nasal polyps were
found in 25 to 40% of CF patients above the age of 5 (Fokkens et
al., 2012) and the resulting impairment of quality of life is
substantial for many patients.
Otherwise, pathogen colonisation of the paranasal sinuses
in mechanically ventilated patients appears to be a risk for
ventilator associated pneumonia (VAP), as shown by Holzapfel
et al. (Odds-ratio 3.8) (Holzapfel et al., 1999).
Lower airway (LAW) sampling of epithelial lining fluid (ELF)
for microbiological and inflammatory analyses by bronchoalve-
olar lavage (BAL) is limited by its invasiveness. In contrast, nasal
lavage (NL) is an easy, non-invasive, sensitive and cheap
method to monitor ELF for pathogen colonisation, changes
in cytological distribution, and soluble inflammatory markers
(Mainz et al., 2009; Beiersdorf et al., 2013). In this regard, NL
allows differentiation of characteristic diseases of the nose, the
sinuses, and the overall airway system in certain limits
(Biewenga et al., 1991). Additionally, and most interest-
ingly, assessment of mediators in ELF sampled by NL may
provide a meaningful outcome parameter for the evaluation
of systemic therapeutic effects, e.g. in antibiotic treatment
(Hentschel et al., submitted for publication). Moreover,
especially in CF patients, early detection of critical patho-
gens like P. aeruginosa in the upper airways by NL has the
highest impact on eradication concepts. This could be done
conservatively, e.g. by sinonasal inhalation of antibiotics via
Pari Sinus™ (Mainz et al., 2011, 2012) or by sinus surgery
followed by antibiotic lavages (Aanaes et al., 2013).
Secretions sampled by NL derive from the nose and, to
some limited extent, also from the paranasal sinuses. They
are mixtures of plasma exudation, excretions from goblet
cells, and seromucous glands as well as cellular components
(Watelet et al., 2004), which comprise immunocompetent
cells and expelled epithelial cells. The suggestion that transu-
dation is occurring derives from the predominance of albumin
as protein (Maremmani et al., 1996) in the sinonasal ELF which
contains about 95% water, 3% organic, and 2% mineral elements.
Defensively active substances like secretory IgA, kallikrein, ly-
sozyme, and lactoferrin occur in NL, as well as antioxidants,
antibacterial - and inflammatory substances (Kirkeby et al., 2000).
In addition to its non-invasiveness, sampling of NL-fluid has
the advantage of facilitated freezing, storing and time-delayed
analysis which is essential for longitudinal and multicentric
studies. Nevertheless, a review of literature also reveals many
diverging protocols for processing (Bergoin et al., 2002;
Nikasinovic-Fournier et al., 2002; Howarth et al., 2005;
Pitrez et al., 2005).Establishment of NL as a scientific tool in
CF centres and laboratories requires easy and quick handling
and processing procedures. Furthermore, the comparability of
publications in this field is only possible using standardised
processing procedures and calculated dilution factors.
Therefore, the aims of the present study were to analyse
the effects of sampling and processing methods including
repeated NL-collection, centrifugation, addition of protease
inhibitors, storage time, and freezing and thawing on cells
and cytokine concentrations.
2. Material and methods
2.1. Study cohort
For the majority of experiments, nasal lavages from the Jena
University Hospital CF centres' patient cohort were analysed. In
order to assess the marker concentration degradation over time,
we compared material from a recent CF-cohort used within the
study of Hentschel et al. (submitted for publication) with
material from a CF-cohort stored for five years as reported by
Beiersdorf et al. (2013). The patients in both cohorts were
comparable regarding demographics and microbiological char-
acteristics. For analysis of the influence of short term storagewith
or without protease inhibitors (PI), we used material collected
from 10 CF patients of our outpatient clinic during routine
sampling. Samples were stored with and without PI for one year
and cytokines were quantified directly after collection and after
one year of storage. For freeze-and-thaw-experiments and
the investigation of repetition effects material from healthy
controls of our centre staff was used.
2.2. NL collection and processing
NL-fluid was sampled as described previously (Mainz et
al., 2009; Beiersdorf et al., 2013). Before lavaging (sino)nasal
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mucosa for diagnostics, the nose is cleaned from excessive
mucus and crusts by forceful exsufflation/blowing into a
handkerchief (Naclerio et al., 1983). Afterwards the seated or
standing patient extends the neck approximately 30° from
the horizontal, while (according to the protocol) he instils
10 mL of isotonic saline to a nasal side during elevation of the
soft palate and the holding of breath (Fig. 1A and B). After
10 s, the subject flexes the neck draining lavage fluid with
mucus and epithelial lining fluid into a sterile vessel (Fig. 1C)
from which the recovered material is processed for further
analysis. To illustrate the procedure of NL collection in our
clinical routine, the reader is referred to the movie “NL
collection at the CF Center Jena” which can be found in the
supplement.
For analysis of processing methods, we compared two
protocols in 13 samples. For both protocols two aliquots of
1.5 mL uncentrifuged NLF were stored. For protocol (1),
NLF was centrifuged at 1000 rpm (157 ×g) for 10 min, for
protocol (2) NLF was centrifuged at 400 rpm (25 ×g) for
7 min. For cytological analysis 10% foetal calf serum (FCS)
was added to 5 mL of NL to stabilise cells in the NaCl
solution. Protease inhibitor Mix G (Serva) was added to
one half of the aliquots. Aliquots were stored until analysis
at −70 °C.
Serial NL collection with decreasing time intervals was
performed to assess elutriation effects on mediator concen-
tration in NLF. Therefore samples were taken initially and
after 4, 2, and 0.5 h before being processed as described
above (n = 3).
2.3. Storage conditions and storage time experiments
To evaluate the influence of storage time on soluble
mediators in NLF, we compared CF patient material from a
retrospective study (5 year old samples, stored at −70 °C,
n = 44 (Beiersdorf et al., 2013)) with recently sampled
material from CF patients stored for a maximum of 6 months
at −70 °C (n = 32). Furthermore we evaluated the effects
of protease inhibitors (PI) on mediator concentration using
samples stored with and without PIs (n = 10).
For freezing-and-thawing-experiments NLF from 5 CF
patients were collected, each frozen and thawed 5 times.
After each thawing step, an aliquot was taken and analysed.
2.4. DNA and protein concentration measurements
DNA and protein concentrations were measured using 3 μL
of NLF on a NanoDrop instrument (NanoDrop 1000 spectro-
photometer; Thermo Scientific) at 260/280 nm wavelength.
2.5. Cytological analysis
The analysis of total cell count (TCC) and the automated
differentiation of identified cells were performed using XE-5000
hemocytometer (Sysmex, Norderstedt, Deutschland) in the Body
Fluid Modus.
2.6. Immunological analysis
Amounts of MPO, IL-8, and PMNE were determined in
100 μL NLF in duplicates using ELISAs according to manufac-
turers' instructions (PMN Elastase ELISA, ebioscience, No.
BMS269, IL8 ELISA, ebioscience, No. BM204, MPO Elisa
Calbiochem, No. 475919). Washing was done using an auto-
mated washer (SLT Typ Clumbus, Labtechnologies, Austria).
Detection was accomplished by using a FluoStar Galaxy spec-
trometer (BMG Labtechnologies, Offenburg, Germany).
Furthermore, we analysed IL6, IL8 and MPO via Procarta
Immunoassay, a multiplex analysis using magnetic beads. We
applied 25 μL of centrifuged samples to avoid bead accumula-
tion; tests were performed in duplicates. Comparison of IL-1β,
IL-6, IL-8, TNF and MPO in 5 years old samples and recent
samples was done using Cytometric Bead Array (FlowCytomix,
ebioscience, San Diego, USA) followed by flow cytometer (FACS
Calibur, BD, Franklin Lakes, USA) analysis as described else-
where (Beiersdorf et al., 2013). Results were evaluated using
FlowCytomix Pro 2.3 software.
2.7. Biometry
Datawas evaluatedusingMSExcel, SPSS 17.0 andGraphPad
Prism 5. The differences between the 2 groups were analysed
using Mann–Whitney-U and Fishers' Exact test, significance
analyses between the 3 groups were analysed using Kruskal–
Wallis-Test. A p value of b0.05 was considered statistically
significant.
Fig. 1. A–C: NL collection using 10 mL isotone saline per nostril with reclined neck and closed soft palate. Backflow is collected after 10 s in a clean plastic cup and
processed as soon as possible.




Subjects (or parents of minors) gave their written informed
consent. This studywas approved by our local ethics committee.
3. Results
3.1. Demographic data of CF patients and healthy controls
For NL recovery and protein concentration, evaluation data
was collected from 57 CF patients (mean age 24.8 years, range
5–72 years, 31f/26 m) and 53 healthy controls (mean age
31.9 years, range: 9–60 years, 38f/14 m).
3.2. NL collection
For all analysed parameters, we observed a considerable
decrease in the measured analytes if NL was repeated within
4 h or less. NE decreased from a median of 8.65 ng/mL to
2.71 ng/mL after NL repetition within 4 h, MPO decreased by
approximately 50% (321.30 ng/mL to 162.40 ng/mL) and IL-8
by about 70% (49.50 ng/mL to 22.92 ng/mL, Table 1 and
Fig. 3).
3.3. NL recovery and protein concentration
Recovery of the applied NL volumes did not differ
significantly between CF patients (n = 57) and healthy
controls (n = 53; median CF 15.5 mL from 20.0 mL instil-
lation, range 8.0–20.0 mL vs. 15.0 mL, range 6.0–18.0 mL in
controls, Fig. 2A). Protein concentration in CF patients was
significantly higher compared to healthy controls (median
0.35 mg/mL, range 0.08–1.19 mg/mL vs. 0.22 mg/mL, range
0.09–0.67 mg/mL, p b 0.0001, Fig. 2B).
3.4. NL processing
3.4.1. Influence on cell count and distribution
Total cell count (TCC) was not significantly different in
the two different centrifugation settings (n = 12, median
41.50 cells/mL, range 4–3744 vs. 30.5 cells/mL, range 8–221,
see Table 2 and Fig. 4A). Nevertheless, range and SDweremuch
higher by centrifugation at 1000 rpm for 10 min than by
centrifugation at 400 rpm for 7 min. Furthermorewe found no
differences in cellular distribution. Polymorphonuclear cell
count in setup 1 resulted in 87.5% (range 41–100) vs. 82%
(range 11–97).
3.4.2. Influence of centrifugation on IL-8 and NE
IL-8 levels were not significantly different under the
varying processing setups (1000 rpm (157 ×g)/10 min resp.
400 rpm (25 ×g)/7 min). In native NL we found a median
IL-8 concentration of 332 ng/mL (range 143–858 ng/mL).
Setup 1 revealed a median IL-8 concentration of 362 ng/mL
(range 119–1005 ng/mL) and setup 2 a median IL-8 concen-
tration of 317 ng/mL (range 126–887 ng/mL). For NE we
observed a slight decrease in unprocessed - compared to
centrifuged samples but differences did not reach statistical
significance (n = 12, median 0.53 ng/mL, range 0.09–1.98).
We found no differences for NE between the two centrifuga-
tion setups (median 0.92 ng/mL, range 0.17–2.31 vs. median
0.99 ng/mL, range 0.33–2.29, see Table 2 and Fig. 4A).
3.5. NL storage
3.5.1. Influence of storage time of NLs on inflammatory marker
concentration
Samples stored for at least 5 years at −70 °C revealed
significantly lower levels for all analysed parameters com-
pared to recent samples stored for a minimum of 6 months
(Table 3, Fig. 5A, p b 0.05 for all parameters).
3.5.2. Storage with and without protease inhibitors (PI)
For bothmediators IL-8 andMPO,we observed lower levels
in one year old samples stored at −70 °C compared to the
recent samples. Samples stored in absence of PI displayed
lower values compared to samples with addition of PI (Table 4,
Fig. 5B).
3.6. Influence of freezing and thawing on mediator concentration
After repetition of the freezing and thawing processes
four times, we did not measure significant differences in NE
levels (data not shown). However, NLF concentrations of
MPO and IL-8 decreased considerably, beginning with the
first freezing cycle (median MPO start 576 ng/mL, after one
cycle 204 ng/mL, IL-8 at start 69 ng/mL to 37 ng/mL, Fig. 5C).
4. Discussion
Collection of nasal lavage fluid is an established method
to sample airway surface liquid non-invasively in diseases
involving the respiratory system. Conventional NL rinsing
2 × 10 mL of isotonic saline through the upper airways as
described by Naclerio et al. (Naclerio et al., 1983) is a
suitable technique for cytological analysis (Belda et al.,
2001), and is even better than nasal swabs (Deutschle et al.,
2005). It is applicable for quantification of upper airway
inflammatory markers which is even feasible in paediatric
patients (Nikasinovic-Fournier et al., 2002). Additionally to
the NL method applied in our studies (Mainz et al., 2009),
other methods have been applied like microsuction (Wang
and Clement, 2000), aspiration (Yamazaki et al., 1999),
application of sponges, sinus packs (Watelet et al., 2004),
nasal secretion collectors (NSC) (Lu and Esch, 2010), synthetic
absorptive matrix (SAM) (Chawes et al., 2010), gauze (Ruocco
et al., 1998), or swabs (Klimek et al., 1999; Walsh and Falsey,
1999). Thesemethods have been applied in subjectswho cannot
actively perform NL. Although a considerable number of studies
with NL have been published, particularly in allergology, e.g. to
assess effects of therapeutic interventions and provocation (Erin
et al., 2005; Baumann et al., 2012), methodological publications
on NL are sparse. (Bergoin et al., 2002; Nikasinovic-Fournier et
Table 1
Influence of repeated NL collection on mediator concentration (healthy
controls, n = 3).
Median (ng/mL) Start 4 h 2 h 0.5 h
PMNE 8.65 2.71 1.17 1.37
MPO 321.30 164.50 104.40 162.40
IL-8 49.50 14.25 8.270 22.92
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al., 2002; Howarth et al., 2005; Pitrez et al., 2005). Lü et al.
compared the method of NL applying 3 mL per nostril to nasal
secretion collectors (NSC) and found significantly higher levels of
all analysed parameters in NSC which could be due to the
dilution made by NaCl in conventional NL. Additionally,
Nikasinovic-Fournier et al. (2002) found reproducible re-
sults for inflammatory mediators in 3 independent NLs
performed once per week. However, we did not find publica-
tions about the repeatability of sampling, assessing effects of
repeated NLF sampling at the same day on cell- and mediator
concentrations or effects of centrifugational settings and dilution.
The cohort of CF patients is most suitable for the required
methodological studies as the patients regularly reveal chronic
rhinosinusitis and almost 100% of them reveal pathological
changes in sinonasal CT scans.
In our studies we use 2 × 10 mL sterile isotonic saline (see
methods) to increase the area of lavaged airway surface but
there is no evidence verifying this issue. Nevertheless a recovery
of 10–15 mL is necessary to allow all analyses as approximately
each 5 mL required for microbiology, cytology and cytokine
analysis. Data from our previous studies substantiates the
feasibility of cytokine profiling - hence some mediators e.g.
IL-10, IL-6 or RANTESwere found to be below the detection limit
in many samples (Beiersdorf et al., 2013). For sinonasal
pathogendetection reclination of the head at app. 30° is required
for lavage of dorsal nasal airways and collection of secretions
drained from the paranasal sinuses. Staphylococcus (S.) aureus
predominantly colonized the nasal vestibulum (Weidenmaier et
al., 2012) and therefore will also be detected if the head is bent
forward during NL. In paediatric CF patients S. aureus is also the
most frequently detected pathogen (71%) in paranasal sinuses
accessed by endoscopic sinus surgery followed by P. aeruginosa
(27%) (Digoy et al., 2012)which is the predominant pathogen in
the sinuses of adult CF patients (Rasmussen et al., 2012).
P. aeruginosa, to our knowledge, was not reported in the
literature to colonise the anterior nose. The sinuses and
hindmost part of the nose with their ciliated mucosa are
also seen as possible sites of the P. aeruginosa colonisa-
tion in other diseases with impaired mucociliary clear-
ance e.g. Primary Ciliar Dyskinesia (Rogers et al., 2013) or
in immunodeficient patients (Ortiz et al., 2011). Other
important bacteria likeHaemophilus influenzae and Streptococcus
pneumoniae are mainly present in the nasopharyx (Suerbaum,
2012). From the anatomical point of view, the medial nasal
meatus is seen as the source to sample secretions from the
maxillary and anterior ethmoidal sinuses by swabs. These sites
also are reached by nasal lavage, although they may not reach
paranasal sinuses with ostia not widened by surgery to less than
4 mm (Grobler et al., 2008). As swabs NL will include material
drained from paranasal sinuses into the nasal cavity by
Table 2




(centrifugation at 1000 rpm
(157 ×g) for 10 min)
Z2
(centrifugation at 400 rpm
(25 ×g)for 7 min)
p-value
Mediators n Median Range Median Range Median Range
TCC (cells/mL) 12 – – 41.5 4–3744 30.5 8–221.0 0.5253
PMN (%) 12 – – 87.5 41.0–100.0 82.0 11.0–97.0 0.3264
MN (%) 12 – – 12.5 0.0–59.0 18.0 3.0–89.0 0.3264
IL-8 (ng/mL) 13 331.9 143.1–857.6 362.1 119.0–1005 317.1 125.6–887.3 0.9591⁎
0.8375+
0.9183#
PMNE (ng/mL) 12 0.525 0.094–1.982 0.919 0.171–2.314 0.991 0.336–2.285 0.4357⁎
0.4705+
0.9770#
⁎ p-value native vs. Z1.
+ p-value native vs. Z2.





















Fig. 2. No differences were found between CF and healthy controls for NL
recovery whereas protein concentration was found significantly higher in CF
patients (median 0.35 mg/mL, range 0.08–1.19 mg/mL vs. 0.22 mg/mL,
range 0.09–0.67 mg/mL, p b 0.0001).
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mucociliary clearance and gravity. However, both NL and
swabs will not allow direct sampling of non-operated sinuses.
We suppose that flushing sinonasal mucosa by NL does not
only allow to detected bacteria from the sinuses non-invasively
but also reaches the nasal cavity surface to a greater extent
than isolated swabs fromone sinus ostium. This issue should be
addressed in further studies.
Profiles of ASL components are considered to reflect
pathomechanisms and inflammatory backgrounds of airway
diseases and their exploration is postulated to facilitate
monitoring of effects of therapeutic measures (Watelet et al.,
2004). It facilitates measurement of inflammatory processes
in the airway system, detection of pathogens, and quantifica-
tion of inflammatory host responses. Thus, analysis of meth-
odological issues of NL collection, processing and storage is of
great interest for identification of best and uniform practical
guidelines to generate comparable results.
Our results for the first time reveal that NLF collection
which is repeatedly performed after 0.5 to 4 h significantly
decreases the concentrations of inflammatory markers in
following samples. As a limitation of our study, we did not
perform repetitive NL collections after 24, 12 or 8 h.
However, these also would include the effects of circadian
rhythms including differences in the nasal cycle which lead
Table 3
Influence of storage time on detection frequency and mediator-concentrations.
Analyte DL Frequency of detection (%) Mediator concentration
Median Range p-value
5 years old samples Recent samples p-value 5 years old samples Fresh samples 5 years old samples Recent samples
MPO (ng/mL) 0.2 100.0 100.0 – 119.0 249.0 16.5–731.3 54.4–1844 0.034
IL-8 (pg/mL) 0.5 84.1 90.6 0.41 58.5 506.0 0.4–11,515 0.4–1977 b0.0001
IL-6 (pg/mL) 1.2 15.9 46.7 0.001 1.1 45.1 1.1–80.2 1.1–104.9 b0.0001
IL-1β (pg/mL) 4.2 20.5 60.0 0.0002 4.1 174.5 4.1–152.8 4.1–779.3 0.0007
TNFa (pg/mL) 3.2 11.4 66.7 0.0002 3.1 55.4 3.1–46.6 3.1–1036 b0.0001
DL: detection limit.
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Fig. 3. PMNE, IL-8 and MPO were decreased in repeated NL collection procedures.
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to alternate phases of congestion and decongestion (Soane
et al., 2001). Together with assessment of day to day
variations, future studies should address these interesting
questions which were not included in the aims of the
present trial.
Nevertheless, the revealed effects of repetition of NL
collections between 4 and 0.5 h suggest the recommenda-
tion that NLF collection for quantification of inflammatory
processes should only be performed once a day.
Furthermore, as therapeutic NL (appliedwith 250 of isotonic
saline) is becoming an emergent procedure for liberation of the
upper airways from secretions and crusts (Fokkens et al., 2012),
patients participating in trials with diagnostic NL need to be
questioned about the application of therapeutic NLs before
Table 4
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Fig. 4. A: Number of cells and cellular distribution were not changed using different centrifugation setups (1000 rpm (157 ×g) for 10 min, 400 rpm (25 ×g) for
7 min). B: Levels of IL-8 were not influenced by centrifugation setup. For PMNE in the unprocessed (native) sample slightly lower levels were found but no
differences were seen between the centrifugation setups.
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collecting diagnostic NL at the outpatient visit. Such findings
from upper airway sampling probably can be transferred to
lower airway analysis by BAL. However, also due to its
invasiveness, to the best of our knowledge, there are no
studies addressing this issue for bronchial sampling.
Cellular distribution of NLF can be done after centrifuga-
tion only. Thus, assessment of centrifugation effects on levels
of inflammatory markers is mandatory. According to our
results, centrifugation at 400 rpm (25 ×g) for 7 min resp.
1000 rpm (157 ×g) for 10 min does not influence NLF-levels
of mediators like IL-8 or neutrophil elastase. A higher speed
was postulated to activate PMNs which can lead to altered
chemokine release as it was shown for NK cells, although the
authors stated the effect as significant butmarginal (Naranbhai
et al., 2011). For our centrifugational setup we did not observe
such a phenomenon. NE and MPO are located in azurophil
granules of PMNs which are formed early in hematopoiesis.
These granules, which are also called primary granules, undergo
degranulation and release mediators only at high stimulation

























































Fig. 5. A: For all analysed parameters, a significant decrease of mediator concentration during long term storage was observed. B: For all analysed parameters a
significant decrease of mediator concentration during long term storage was observed. C: For IL-8 and MPO we observed a decrease in samples frozen and thawed
for several times.
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2003). Therefore assessment of e.g. MPO or NE seems to be very
robust and not influenced by centrifugation at moderate speed.
Possibly analysis of neutrophil surface membrane molecules
like CD62L or CD11b (Hager et al., 2010) can be used to address
this issue more in detail.
Moreover, centrifugation is not mandatory for analysis of
immunological mediators.We observed only a slight decrease in
PMNE in natively frozen NLF samples compared to centrifuged
ones but these procedures did not influence IL-8. Therefore, our
results show that NLF can be collected, aliquoted and stored
natively frozen until assessment of soluble inflammatory
markers and PCR for pathogen detection. This allows easy
application of the method within multicentric clinical trials
and even at the patients' home. Centrifugation is only
required for the assessment of cellular components. Never-
theless, for immunological analysis, e.g. ELISA and especially
magnetic or non-magnetic bead arrays, sample centrifuga-
tion prior to analysis is of great importance to reduce any
residual debris or mucus which can lead to false results.
Moreover, patients and nurses should be advised to discard
mucus-containing parts of the NL and sample only clear
residues.
The highest impact should be given on a closed cold chain.
Repeated freezing and thawingwere found todecreaseMPOand
IL-8 levels while PMNEwas not altered in our investigation (Fig.
5B). Flower et al. showed an increase of TNF in blood samples
under repeated freezing and thawing while IL-6 seemed not be
affected by temperature changes (Flower et al., 2000). Storage
temperatures were investigated in several studies in different
sample types and for different mediators. For IL-6 in blood, a
decline was shown if stored at room temperature for 4 h
(Flower et al., 2000), while other markers like IL-1β in aqueous
solutions were found stable at 5 °C for as long as 154 days (Gu
et al., 1991).
With regards to the long-term stability of markers in
samples stored at −70/−80 °C, results reported in the
literature are conflicting. Berry et al. showed comparable
levels of IL-8 in BAL in 6 year old samples compared to initial
analysis (Berry et al., 2010), while Spong et al. (1998)
showed a significant decrease of IL-6 in amniotic fluid after
one year of storage. This is in line with our own observations:
in the prospective study we found higher values for almost all
analysed parameters compared to the retrospective study
(Beiersdorf et al., 2013) where samples were stored natively
without protease inhibitors, indicating that long-term stor-
age (up to 5 years) leads to some degradation of soluble
inflammation markers. As a limitation of our study it has to
be considered that the 5year old cohort and the recently
collected samples were obtained from a comparable patient
collective, therefore similar median marker concentrations
could be expected, but the samples were not identical.
However, the results between CF patients sampled about
5 years previously and healthy controls were still substantially
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cited paper still appear consistent for most assessed mediators.
Additionally, serial samples taken from the same individual
during the course of interventions still can lead to consistent
results despite longer storing periods.
5. Conclusion
CF with its regular sinonasal involvement can serve as a
model and field of research for chronic rhinosinusitis. NL is a
non-invasive tool to sample epithelial lining fluid. It can help
to distinguish specific diseases and to measure the effects of
topical and systemic therapies. This includes allergic diseases
as well as any other immunologic disorders and impaired
mucociliary clearance. Standardisation of NL collection and
processing methods is mandatory to achieve comparability of
findings within this emerging scientific field. As shown in our
previous publications, the method is appropriate for detec-
tion of upper airway microbiological colonisation. For the
resulting host inflammatory response, for the first time we
revealed that inflammatory mediator concentration in NL
decreases substantially with repeated collection (Fig. 3).
Therefore, sampling at best should only be performed once a
day. Additionally, NL can be used natively. Only for cytological
analyses centrifugation is essential but differences in centrifu-
gation settings did not bias the results. Attention should bepaid
to closed cold chain and repeated freezing and thawing should
be avoided. Taken together the combined analysis of nasal
lavage formicrobiology, cytology, and inflammatorymediators
and the correlation to clinical parameters is an emerging and
promising clinical and scientific field.
Apendix A. Supplementary data
Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.jim.2013.12.003.
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P U B L I K A T I O N E N  
2.1.3 Upper airway sampling in preschool CF patients to assess pathogen 
colonization and inflammation (noch unveröffentlichte Ergebnisse) 
Während von Schulkindern und Erwachsenen die oben beschriebene Methode der nasalen 
Lavage gut durchführbar ist und gut toleriert wird, ist dies für Kinder unter 4-6 Jahren sehr 
schwierig. Vor allem das Schließen des Gaumensegels ist noch nicht gezielt durchführbar. 
Konventionelle Nasale Lavagen können daher mit dieser Methode nicht gesammelt und 
untersucht werden. Alternativ kann ein tiefer Nasenabstrich durchgeführt werden, bei dem 
jedoch nur wenig Material von einer umschriebenen Stelle im Nasenraum gesammelt 
werden kann und daher die Sensitivität eingeschränkt ist, auch weil verschiedene Pathogene 
in unterschiedlichen Nasennebenhöhlen des gleichen Patienten nachgewiesen wurden. Seit 
einiger Zeit gibt es zu therapeutischen Zwecken Nasenduschen speziell für Kinder, welche 
über einen Kompressor Kochsalzlösung in die Nase vernebeln. Das zurücklaufende Sekret 
kann ebenfalls mit diesem Gerät aufgefangen werden (s. Abb. 4) 
In einer Studie untersuchten wir bei 25 Kindern zwischen 1-7 Jahren die Durchführbarkeit 
der kompressorgestützen nasalen Lavage hinsichtlich der zu gewinnenden Materialmenge, 
der Nutzung für die mikrobiologische Analyse und Bestimmung von 
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Abb. 4: A: Schematische Darstellung eines 
tiefen Nasenabstrichs (https:// 
spitalhygiene.files.wordpress.com/2014/0
1/nasenabstrich1.jpg). B: Nutzung einer 
kompressorgestützen Nasenlavage von 
einem ca. 3jährigen Mädchen. C: 
Sammlung der Spülflüssigkeit in der 
Sammlungskammer (s. Pfeil). D: 
Einspritzen von 10 ml NaCl in die Nase 
eines ca. 8jährigen Mädchens bei 
geschlossenem Gaumensegel. E: 






P U B L I K A T I O N E N  
Wir konnten zeigen, dass die prozentualen Rückflussmengen bei der kompressorgestützen 
nasalen Lavage einiges unter der konventionellen Lavage zurückblieben, die 
Proteinkonzentrationen jedoch höher waren (Abb. 5). Dies begründet sich vor allem durch 
das junge Alter der Probanden. Oftmals wird Sekret von der Lippe abgeleckt oder 
verschluckt. Zudem dauert das Vernebeln von 10 ml NaCl bis zu 10 min und wird von kleinen 
Kindern meist nicht so lange toleriert, sodass schlussendlich nicht die gesamte Menge 
vernebelt wird und geringere Verdünnungseffekte auf die proteinreicheren 
Atemwegssekrete wirken. 
 
Abb. 5: Links: Rückflussvolumen von kompressorgestützter nasaler Lavage (c-NL) und konventioneller nasaler 
Lavage (NL). Die NL erzielt prozentual einen höheren Wert. Rechts: Die Gesamtproteinkonzentration ist in der 
c-NL deutlich höher als in der NL. 
Die Bestimmung von Inflammationsmarkern mittels ELISA oder Cytometric Bead Array ist mit 
beiden Materialien gut möglich. Das Volumen der cNL ist allerdings begrenzt. Wichtig ist 
weiterhin, dass die Messwerte auf einen Kalibrator, hier der Gesamtproteingehalt, 
normalisiert werden. Am Beispiel Interleukin-8 wird deutlich, dass sich Unterschiede nach 
Normalisierung relativieren können und möglicherweise zu einer anderen Aussage führen  

















P U B L I K A T I O N E N  
2.2 Keimbesiedlung der oberen Atemwege 
2.2.1 Sinonasal persistence of Pseudomonas aeruginosa after lung 
transplantation. 
Mainz JG, Hentschel J, Schien C, Cramer N, Pfister W, Beck JF, Tümmler B. 
J Cyst Fibros. 2012 Mar;11(2):158-61.
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2012 konnte unsere Arbeitsgruppe erstmals an CF Patienten vor und nach 
Lungentransplantation (LTx) zeigen, dass Pseudomonaden aus der Lunge auch die oberen 
Atemwege besiedeln
38
. Eine SNP-Typisierung von Sputum und nasalen Lavagen konnte den 
Beweis erbringen, dass es sich in beiden Atemwegsetagen um genetisch identische Stämme 
handelt.  
Bei beiden Patienten war vor der LTx P. aeruginosa sowohl in den OAW als auch in den UAW 
nachgewiesen worden. Bereits 4 Wochen nach der LTX zeigten sich in der Spenderlunge des 
ersten Patienten Pseudomonaden, welche genetisch identisch zu den vor und nach LTX in 
der nasalen Lavage nachgewiesenen Keimen waren. Bei Patient 2 wurden beide 
Atemwegsetagen topisch mit Antibiotikainhalationen behandelt. Auch 30 Monate nach der 
LTx konnte in BALs des 2. Patienten keine P. aeruginosa-Besiedlung nachgewiesen werden, 
obwohl die nasale Besiedlung weiter bestand. Diese beiden Fallbeispiele zeigen 
eindrucksvoll, wie relevant die Untersuchung beider Atemwegsetagen für den 
Therapieerfolg ist. Inzwischen werden in relevanten Zentren vor einer geplanten 
Transplantation sowohl für die oberen als auch die unteren Atemwege mikrobiologische 
Untersuchungen gefordert, und falls nötig, entsprechende Therapien eingeleitet. Diese 
Vorgaben haben auch Eingang in das Modul 2 der S3-Leitlinie „Lungenerkrankung bei 
Mukoviszidose“ gefunden83. Weiterhin verdeutlicht der zweite Fall, dass eine konsequente 
Mitbehandlung der oberen Atemwege einen Infektion der unteren Atemwege zumindest 
hinauszögern, wenn nicht gar verhindern kann. Auch eine Eradikation aus den oberen 
Atemwegen ist mit sinunasaler Antibiotika-Inhalation erreichbar. Dies konnte unsere 
Arbeitsgruppe in einem weiteren Fall eindrucksvoll demonstrieren. Ein 12jähriger CF-Patient 
mit 2maligem Nachweis von P. aeruginosa in den OAW inhalierte zusätzlich zur IV-Therapie 
Tobramycin sinunasal. Bereits nach einem Monat konnten in der Nase keine 
Pseudomonaden mehr nachgewiesen werden.
84
  
Fazit: Eine routinemäßige mikrobiologische Analyse ist auch für die OAW essentiell und eine 
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ABSTRACT
We report on two CF patients who received double lung transplantation (LTX) due to Pseudomonas aeruginosa related pulmonary destruction.
Prior to LTX we detected P. aeruginosa in nasal lavages (NL) and sputum cultures from both patients. Donor lungs of patient 1 became colonized
within four weeks with P. aeruginosa identical in genotype with isolates from his pre-transplant sputum cultures and pre- and post-transplant NL.
In contrast, patient 2 remained P. aeruginosa free in lower airway samples (bronchial lavage/sputum) for now up to 30 months, despite persis-
tent detection of P. aeruginosa that was identical in genotype with pre-transplant NL and sputum isolates in NL and even in throat swabs. For
prevention of pulmonary re-colonization patient 2 has continuously inhaled Colomycin 1 MIU once daily during the preceding more than 36
months with the novel Pari Sinus™ nebulizer, which in scintigraphic studies was shown to deliver vibrating aerosols into paranasal sinuses, ad-
ditional to bronchial antibiotic inhalation.
Discussion: Pulmonary colonization of transplanted donor lungs with identical clones previously colonizing the explanted lungs has been described
previously and the upper airways were postulated as reservoir for descending colonization. However, this remained speculative, as upper airway
sampling which does not belong to current standards, was not performed in these studies.
Our report demonstrates persistence of identical P. aeruginosa genotypes in CF upper airways prior to and after LTX underlining risks of
descending colonization of transplanted lungs with P. aeruginosa, which increases risks of graft dysfunction. Therefore, we recommend regular
assessment of sinonasal colonization prior to and after LTX. Sinonasal inhalation with antimicrobials should be investigated in prospective trials.
© 2011 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
Keywords: Cystic fibrosis; Paranasal sinus; Sinonasal; Pseudomonas aeruginosa; Genotype; Lung transplantation; BOS
1. Introduction
1.1. Case reports
Patient 1, a F508del homozygous male, was diagnosed to
suffer from CF by the age of three years because of respiratory
and gastrointestinal symptoms. After the respiratory tract had
become chronically infected with Pseudomonas aeruginosa
about the age of eight years, pulmonary function deteriorated
continuously. Additionally, he had symptoms of chronic
rhinosinusitis despite sinonasal surgery had been performed
by the age of nine years.
By the age of 20 years a spontaneous pneumothorax oc-
curred which did not stabilize with conventional drainage.
Thoracoscopy was followed by serious complications including
pulmonary leakages, infection and acute respiratory distress
syndrome leading to mechanical ventilation and finally extra-
corporal membrane ventilation (ECMO). After four weeks of
ECMO double lung transplantation was performed. Despite
the need of prolonged intensive treatment including re-operation
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for hemorrhage, renal failure and symptomatic transitory psy-
chotic syndrome the patient recovered considerably well. Pulmo-
nary function improved from FEV 1.1 l (24% predicted) to
presently 3.2 l (71%).
Already during the critical circumstances of post transplant
treatment at the intensive care unit P. aeruginosa was detected
in his BAL fluid samples from the transplanted lungs, which
had not been colonized with the pathogen prior to LTX. The
P. aeruginosa isolates were identical in their multimarker geno-
type [1] with isolates from his explanted lungs and NL sampled
prior and after LTX (Figs. 1a and 2) and the pathogen persisted
despite repeated intravenous antibiotic cycles and oral inhala-
tion of Colomycin.
Patient 2, a F508del homozygous female, was diagnosed to
have CF by the age of five months because of failure to thrive
and recurrent bronchitis. She was fairly stable with CF standard
therapy until an episode of distal intestinal obstruction syn-
drome required surgical intervention by the age of six years.
During the stay at the hospital the patient acquired a persistent
airway colonization with P. aeruginosa. Despite aggressive
antipseudomonal chemotherapy lung function deteriorated sub-
stantially over the years so that she required double LTX with
resection of the lingula of the donor organ by the age of
20 years. LTX was successful and FEV1 increased from 1.8 l
(30% predicted) to 3.2 l (102%) at present.
P. aeruginosa has not been detected in post-LTX bronch-
eoalveolar lavages or in sputum until now, despite of regular
detection of the pathogen in sinonasal lavages and in three
deep throat swabs (Fig. 1b). For the prevention of the coloniza-
tion of the donor lung with P. aeruginosa from the sinonasal
segment, we instructed the patient to continuously inhale Colo-
mycin 1 MIU twice daily into the lower airways and to admin-
ister Colomycin 1 MIU once daily into the upper airways
(UAW). The utilized device is the Pari Sinus™ nebulizer
which has been shown to deposit vibrating aerosols into the
paranasal sinuses [2,3].


















timeline: pre-/post LTX (months)




timeline: pre-/post LTX (months)
* 

















 P. aeruginosa positive 
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Fig. 1. a and b: Colonization of different airway levels with P. aeruginosa prior and after lung transplantation (LTX). Chronic sinonasal and bronchial inhalation of
antipseudomonal agents since 2 months post LTX ( ). (a: patient # 1; b: patient # 2). (*) Genotypes of selected indicative P. aeruginosa clones from pre- and
post LTX periods from each patient were assessed and in each patient they resulted to be identical in genotype.




At our centre the sinonasal UAW segment is sampled by
diagnostic NL from patients elder than 6–8 years [4]. In brief,
10 ml of sterile isotonic saline is applied to each nostril using
a 10 ml syringe, with the head in a slightly reclined position
and the soft palate occluded. After 10 s, nasal fluid is drained
into a sterile cup by anteflection of the head and any material
from the mouth is discarded into a basin.
1.3. Genotyping of P. aeruginosa
P. aeruginosa isolates were typed with a custom-made mi-
croarray as described previously [1]. In brief, DNA amplified
from the bacterial colony by cycles of multiplex primer exten-
sion was hybridized onto the microarray to yield an electroni-
cally portable binary multimarker genotype.
1.4. Sinonasal inhalation
Hitherto, surgical enlargement of sinus orifices was postulat-
ed to permit conventional nebulizers to deliver drugs to the
sinus mucosa, as paranasal sinuses are cavities communicating
with the nose only via narrow ducts [3]. Now, pressure gradi-
ents induced by vibrating air flows were shown to facilitate
deposition of significant amounts of aerosols into sinus cavi-
ties [3] and this principle is implemented in the novel PARI
SINUS™ (Pari Corp, Starnberg, Germany) nebulizer, with a
frequency of approximately 44.5 Hz. Sinonasal inhalation with
the device is performed as described previously [5–7], in
brief, medication is aerosolized into one nostril, while the con-
tralateral nostril is occluded and the soft palate elevated as
recommended for nasal lavage [8]. Study medication is adminis-
tered into both nostrils for 4–6 min each side during arrest of
breathing.
Recently, we assessed the effect of sinonasal inhalation of
dornase alfa delivered with the device compared to placebo in
a cross-over pilot study including five CF-patients. We found
that dornase alfa significantly (p=0.043) improves rhinosi-
nusitis related symptoms within the Sino-Nasal Outcome Test-
20 (SNOT-20) [7]. We are performing further investigations
including a further trial with dornase alfa as well as pilot studies
with Tobramycin 80 mg respective Colomycin 1 MIU once
daily with the device. Endpoints of the pilot studies with sinona-
sal nebulization of antibiotics are P. aeruginosa quantification in
nasal lavage fluid of the CF patients who are chronically infected
with the pathogen as well as effects of therapy on disease-
specific, health-related quality-of-life for rhinosinusitis, and
safety and tolerability of the novel therapy.
2. Discussion and conclusions
Pulmonary colonization and infection with P. aeruginosa
remain one major reason for lung deterioration in CF. Addi-
tionally, in patients who successfully underwent lung transplan-
tation, P. aeruginosa colonization of the transplanted organs
was identified as a risk factor to develop the bronchiolitis oblit-
erans syndrome (BOS) that is the major cause for chronic graft
dysfunction [9].
Already in 1997 Walter et al.[10]. found that P. aeruginosa-
free lungs transplanted in CF patients became infected with
P. aeruginosa clones that were identical in genotype with
the isolates from the explanted CF lungs. The authors rea-
soned that colonization occurred from the patients' upper air-
ways and the sinonasal space. However, this conclusion could
not be proven in this and subsequent publications [11–13]
because upper airway sampling had not been performed.
The potential role of the upper airways as the reservoir and
the first site of the colonization of the respiratory tract with
P. aeruginosa has only recently be systematically explored:
First, Krogh Johansen et al. found P. aeruginosa biofilms in
samples taken during sinonasal surgery even if CF patients
had only been intermittently colonized with the pathogen [14].















Fig. 2. (screenshot): Genotypes of selected indicative P. aeruginosa clones from pre and post LTX periods from patient #1. Identical clones which prior to LTX
colonized the patients' upper and lower airways persisted sinonasally and they colonized the P. aeruginosa free donor lung.
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of the upper and lower airways in a cohort of 187 CF patients
revealed that upper and lower airways P. aeruginosa isolates
were identical in genotype in 23 of 24 P. aeruginosa-positive
patients [4]. Co-colonization of the two airway compartments
probably arose from cross-infection. Third, Hansen et al. [15]
recently showed by assessment of intraoperatively taken
material that the paranasal sinuses are a potential niche for
P. aeruginosa clones to adapt and diversify for subsequent
chronic lung infections.
This report proves the persistence of P. aeruginosa in the
UAW and paranasal sinuses in two LTX recipients with CF.
In patient 1 the P. aeruginosa free donor lungs became soon
colonized from this reservoir during prolonged mechanical ven-
tilation and ECMO. In contrast, concomitant sinonasal and
bronchial inhalation of antibiotics appear to have prevented
pulmonary colonization with P. aeruginosa in patient 2. This
novel therapeutic option may be of special interest since
P. aeruginosa colonization of transplanted lungs is a risk factor
to develop BOS. However, longitudinal studies are required to
verify the supposed UAW's role as the site of first infection
and reservoir of colonization of lower CF airways with patho-
gens and prospective trials are needed to assess the potential
of sinonasal inhalation of antimicrobials.
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P U B L I K A T I O N E N  
2.2.2 Pseudomonas aeruginosa Acquisition in Cystic Fibrosis Patients in 
Context of Otorhinolaryngological Surgery or Dentist Attendance: Case 
Series and Discussion of Preventive Concepts. 
Mainz JG, Gerber A, Lorenz M, Michl R, Hentschel J, Nader A, Beck JF, Pletz MW, 
Mueller AH. Case Rep Infect Dis. 2015;2015:438517.85 
Besonders die Besiedlung mit P. aeruginosa ist für CF-Patienten entscheidend für die weitere 
Prognose. Während Menschen ohne CF in der Regel durch funktionierende mukoziliäre 
Clearance keine Kolonisation mit P. aeruginosa resultiert, persistieren die Keime bei CF-
Patienten, es entwickelt sich eine chronische Infektion und die Pathogene entwickeln mit der 
Zeit Antibiotika-Resistenzen. Pseudomonaden verändern im Laufe der Besiedlung ihren 
Phänotyp. Anfangs liegen sie in der aquatischen Form vor. Später bilden sie Biofilme mit 
Alginatanteilen, welche nur sehr schwer für Antibiotika zugänglich sind (mukoide Formen). 
Patienten mit einer chronischen Besiedlung durch P. aeruginosa (nach Leeds-Kriterien86), vor 
allem, wenn sie bereits in sehr jungen Jahren und in Kombination mit S. aureus auftritt, 
haben eine signifikant schlechtere Lungenfunktion87 und eine erhöhte Mortalität88. Mukoide 
Formen sind in der Regel kaum mehr zu eradizieren und mit einer deutlich schlechteren 
Prognose assoziiert. CF-Patienten werden speziell geschult, um Keimquellen im 
Waschbecken oder WCs zu nutzen, ohne Pathogene zu akquirieren. In CF-Ambulanzen, 
Kliniken und speziellen Rehabilitationseinrichtungen werden Pseudomonas-positive 
Patienten von solchen ohne Besiedlung streng getrennt und bei allen Patienten werden 
mehrmals im Jahr Sekrete aus unteren Atemwegen (und in den letzten Jahren auch 
zunehmend routinemäßig aus den oberen) mikrobiologisch untersucht.  
In der o.g. Fallstudie mit 5 Patienten konnten wir zeigen, dass beim Kontakt mit Nicht-CF-
Patienten bzw. Nicht-CF-Ärzten, z.B. bei HNO-Operationen oder auch beim Zahnarzt ein 
hohes Risiko der Keimakquise besteht. Problematisch sind vor allem Wasserreservoirs, in 
welchen der Keim sich vermehren und dann über Sprühnebel direkt in die Atemwege 
gelangen kann. Weiterhin können Patientenansammlungen in Wartezimmern ein Risiko 
darstellen, in denen die Bakterien übertragen werden können. 
Fazit: Eine weitere Schulung der Patienten, aber auch der mitbehandelnden ärztlichen 
Kollegen, aber auch Physio- und Ergotherapeuten sowie Ernährungsberater ist daher 
essentiell, um die Patienten möglichst lange besiedlungsfrei zu erhalten.
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Introduction. P. aeruginosa is the primary cause for pulmonary destruction and premature death in cystic fibrosis (CF). Therefore,
prevention of airway colonization with the pathogen, ubiquitously present in water, is essential. Infection of CF patients with
P. aeruginosa after dentist treatment was proven and dental unit waterlines were identified as source, suggesting prophylactic
measures. For their almost regular sinonasal involvement, CF patients often require otorhinolaryngological (ORL) attendance.
Despite some fields around ORL-procedures with comparable risk for acquisition of P. aeruginosa, such CF cases have not yet
been reported. We present four CF patients, who primarily acquired P. aeruginosa around ORL surgery, and one around dentist
treatment. Additionally, we discuss risks and preventive strategies for CF patients undergoingORL-treatment. Perils include contact
to pathogen-carriers in waiting rooms, instrumentation, suction, drilling, and flushing fluid, when droplets containing pathogens
can be nebulized. Postsurgery mucosal damage and debridement impair sinonasal mucociliary clearance, facilitating pathogen
proliferation and infestation. Therefore, sinonasal surgery and dentist treatment of CF patients without chronic P. aeruginosa
colonization must be linked to repeated microbiological assessment. Further studies must elaborate whether all CF patients
undergoing ORL-surgery require antipseudomonal prophylaxis, including nasal lavages containing antibiotics. Altogether, this
underestimated risk requires structured prevention protocols.
1. Introduction
The autosomal recessive inherited disease cystic fibrosis
(CF) remains life threatening, first and foremost because
of pulmonary destruction. Pathogens like Pseudomonas (P.)
aeruginosa, which, once established, cannot be eliminated
from CF airways due to defective mucociliary clearance,
remain the principal reason for premature death [1]. P.
aeruginosa and other crucial pathogens that are ubiquitously
found in water, for example, in sanitary installations in the
patients’ surroundings [2], can be acquired by diagnostic
and treatment procedures. From nebulisers, pulmonary test
equipment, and other respiratory aids used in homecare
and in CF centres, even Burkholderia cepacia complex (Bcc)
has evidently been transmitted to CF patients [3]. This
pathogen caused endemics within some CF centre cohorts
and high mortality rates during the 1990s, before preventive
measures were implemented [4]. In these times, a series
of microbiological studies was performed, which revealed
contamination of dental unit waterlines with P. aeruginosa
and B. cepacia complex [3, 5] in up to 50% of inspected
units [6]. In 1997, Jensen et al. [7] assessed water samples
from different oral health care services for P. aeruginosa in
regard to acquisition risks for CF patients. Between 2.9% and
11% of the dental sessions samples were found positive for P.
aeruginosa. At least in one case, transmission was proven by
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isolation of the same genotype (identical RFLP, pulsed-field
gel electrophoresis patterns) from patient and tap water.
In contrast, for otorhinolaryngological- (ORL-) surgical
treatment, we did not find any reports addressing the risk
for acquisition of pathogens like P. aeruginosa, although
some procedures should be comparable to dental care.
Additionally, sinonasal surgery is followed by a period of
mucosal defect, when debridement and crusts further impair
upper airways (UAW) mucociliary clearance and increase
the likelihood of pathogen infestation, even when preventive
measures have been taken both within and around surgery.
We present a single centre case series of five CF patients
who acquired P. aeruginosa after ORL-surgery (𝑛 = 4)
or dentist treatment (𝑛 = 1), performed at 4 different
sites. One of the aims of the present paper is to reveal the
huge heterogeneity regarding timelines of the pathogens’ first
detection and success rates of eradication therapy.This gives a
glance on thewide spectrumof risks.Thereby, the publication
shall help to identify and eliminate special contamination
risks and discuss prevention strategies.
2. Case Reports
Graphic presentation of the five patients’ course of P. aerug-
inosa colonisation in the context of the different interven-
tions is given in Figure 1. Microbiological detection of first
pathogen colonization was done within clinical routine by
conventional methods in laboratories which take part in the
German external quality survey [8] and following the current
standards, also for differentiation of mucoid and nonmucoid
phenotypes of P. aeruginosa [9]. Except Pat. 1 none of the
five patients revealed colonization with P. aeruginosa before
the documented interventions. Pat. 1 revealed two positive
sputum cultures in 2000 which appeared to be successfully
eradicated, as all cultures obtained more frequently than
every 3 months resulted negative for the pathogen until he
underwent surgery in April 2003.
Altogether, a learning curve is obvious: routine assess-
ment of airway colonization implemented after our expe-
riences with the first patients and consequent treatment of
detected pathogens prompted eradication of P. aeruginosa in
the later cases. Whereas the two early patients resulted to
remain chronically colonized by mucoid P. aeruginosa, those
receiving thorough controls and therapy evidently had better
chances for eradication of the pathogen. Subsequently we
present detailed information about the reported patients.
2.1. Patient 1, Born in 1987 (P. aeruginosa Acquisition around
ORL-Surgery-Resection of a Submandibular Haemangioma in
2003). The male patient homozygous for F508del did not
show limitations of his pulmonary function during his first
14 years of life (see Figure 2). The active soccer player’s FEV1
always resulted above 100% of predicted. At the age of 15,
the patient’s home doctor submitted him to ORL-surgery:
during intubation and mechanical ventilation a left sided
submandibular tumour was resected. Histologically it was
revealed to be a haemangioma with cavernous and sinusoidal
vascular cavities and myxoid areas.
In contrast to the patient’s usual adherence, he had not
coordinated surgery with our CF centre and he did not
present to our outpatient clinic for almost 4 months, despite
massively increased sputumproduction and newly developed
shortness of breath on exertion. In parallel, he lost 3 kilo-
grams of body weight. Sputum culture then revealed mucoid
P. aeruginosa and the previously negative serum antibodies
against the pathogen resulted positive (alk. phosphatase:
1261, elastase 2.130, exotoxin 678; reference values: negative
titres < 500/marginal 500–1250/positive > 1250). Pulmonal
function (see Figure 2) reveals the fulminant decrease after
newP. aeruginosa colonization, which improved considerably
with daily bronchial antibiotic inhalation with tobramycin
2 × 300mg over 28 days alternating with colomycin 2 ×
1MioIE. Additionally, he received 3-4 iv-antibiotic courses
over 14 days, for example, with tobramycin and ceftazidime
per year as elective therapy [10]. Nevertheless, the patient
remains positive for P. aeruginosa. As an anti-inflammatory
agent he continuously was treated with azithromycin 250mg
three times a week [10–12]. This antibiotic, which does not
directly inhibit growth of pathogens like P. aeruginosa, has a
modifying role in diseases associated with airway infection
and inflammation, like CF [12].
2.2. Patient 2, Born in 1988 (P. aeruginosa Acquisition around
Sinonasal Surgery in 2004). The female patient genotype
pN1303K/1343delG with mild pancreatic insufficiency was
diagnosed with CF aged 12 for gastroenteral symptoms and
failure to thrive. Since the age of 16, she complained about
bilateral nasal obstruction progressively impairing her quality
of life. Sinonasal CT scans revealed subtotal obliteration of the
right nasal cavity by a large polyp and smaller polyps within
the left middle nasal meatus. Additionally, both ethmoidal
and maxillary sinuses were obliterated; only the left frontal
sinus was developed, but totally opacified, as the sphenoidal
sinus.
The patient, who had previously been treated at a different
CF centre, had never revealed P. aeruginosa colonization.
She underwent extended functional endoscopic sinus surgery
(FESS) in April 2004 and received a perioperative antibiotic
treatment with cefuroxime. While all lower airway samples
taken before surgery resulted negative for P. aeruginosa, she
became chronically infected: the pathogen was detected in
the first microbiological control 1 month after surgery which
transited quickly into a mucoid phenotype despite repeated
intravenous antibiotic treatment with tobramycin and cef-
tazidime over 14 days and bronchial antibiotic inhalationwith
tobramycin 300mg BID and colomycin 1MioIE BID. Since
attendance in our centre in 2006, we additionally detected
chronic sinonasal P. aeruginosa colonization by routine
diagnostic nasal lavage (NL) (10mL of NaCl 0.9%/nostril
[13]). Since acquisition of P. aeruginosa, pulmonary function
decreased from FEV1 103% predicted in 2004 to presently
56% in only eight years.
2.3. Patient 3, Born in 1990 (P. aeruginosa Acquisition
around Sinonasal Surgery 2006). The male patient genotype
F508del/G542X was diagnosed at the age of 2 years for
gastroenteral symptoms and failure to thrive. Since the age of
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Figure 1: Different courses and outcomes after P. aeruginosa (P.a.) colonization in context of ORL-surgery or dentist treatment. Pat.: patient;
































































































































































































































Figure 2: Progress of pulmonary function of patient number 1.
13 years, he suffered from chronic rhinosinusitis symptoms
with impaired sense of smelling. In February 2006, at the
age of 15, the patient (at that time, treated in another CF
centre) underwent FESS in an external ORL department.
After surgery, he reported about improved symptoms of nasal
obstruction, but onemonth after the intervention, cough and
mucus production reasoned microbiological assessment of
abundant sputum. For the first time, his sputum resulted
positive for a nonmucoid P. aeruginosa, a finding confirmed
in the control after 3 weeks.
The patient underwent a 2-week iv-course with tobra-
mycin and ceftazidime and a 6-month course of bronchial
inhalation with colistin. Since then, we did not find P.
aeruginosa in routine upper and lower airway sampling, but
the patient soon again started to suffer fromnasal obstruction
and postnasal drip with abundantmucoid secretions fromhis
paranasal sinuses (Figures 3(a) and 3(b)).
2.4. Patient 4, Born in 2003 (P. aeruginosa Acquisition Months
after Sinonasal Surgery 2012). The female patient genotype
F508del/W1282X was diagnosed with failure to thrive at the
age of 3months.With substitution of pancreatic enzymes, she
gained weight but always remained thin and revealed chronic
rhinosinusitis symptoms with severe nasal obstruction. At
the age of 7 years, adenoidectomy was performed in an
external ORL-clinic, but her preexisting early nasal polyps
remained untouched. Soon after surgery, sinonasal symptoms
reoccurred with massive nasal obstruction and severely
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(a) (b)
Figure 3: (a) and (b) Anterior rhinoscopy from patient number 3 six years after sinonasal surgery. (a) Abundant mucoid secretions draining
from middle meatus left side; (b) # view into postoperative polyp-free ethmoid sinus, mucoid secretion on the roof of the sinus.
impaired senses of smelling that contributed to her contin-
uously poor nutritional status.
In April 2012 (at the age of 9 yrs), the patient under-
went MRT/CT-guided FESS in a second ORL-clinic, with
resection of nasal polyps and hypertrophic mucosa, and
widening of sinus ostia (Figures 4(a)–4(d)). During postop-
erative care, she was treated with nasal lavages with isotonic
saline (250mL) and topical steroids but no antipseudomonal
antibiotics. She reported massive improvement of olfactory
function after surgery, but, at the same time, the family
complained about severely smelling nasal crusts.
She was monitored very closely for upper and lower
airway pathogen colonization by sputum and diagnostic NL
(10mL/nostril). Remarkably, we did not detect P. aeruginosa
airway colonization for the 5 postoperative months in deep
throat swabs or NL. Then, in October 2012, during enhanced
sputum production for acute airway exacerbation, lower
airway swabs revealed a first new nonmucoid P. aerugi-
nosa colonization, confirmed in early November 2012. The
patient underwent a 2-week antipseudomonal iv-course and
additionally a 6-week oral treatment with ciprofloxacin. She
inhales colistin 2x1MioIU bronchially, in addition to colistin
2x1MioIU sinonasally as vibrating aerosols (Pari-Sinus) [14,
15]. Since the antipseudomonal treatment, stinking nasal
crusts dissolved, but the pathogen was again detected in her
lower airways.
2.5. Patient 5, Born in 1979 (P. aeruginosa Acquisition
within Dentist Care in 2011). This female patient, genotype
R347P/2183AA->G, had always been free of P. aeruginosa in
frequent upper and lower airway cultures. However, she has
been suffering from chronic rhinosinusitis for many years,
prompting ORL-surgery in October 2002 and January 2006
without complications but with early relapse of sinonasal
symptoms.
In May 2011, the 32-year-old patient underwent dental
treatment that included drilling at a molar tooth. Few weeks
afterwards, she reported increased sputum production and
cough. According to the standards of care established in our
CF centre, sputum and NL fluid were obtained, collected as
previously described [16]. Remarkably, mucoid P. aeruginosa
was detected in her sputum, but NL only revealed Staphy-
lococcus (S.) aureus 100.000 cfu/mL. The colonization status
was confirmed by microbiological controls before starting
a 2-week antipseudomonal iv-course with ceftazidime and
tobramycin, in addition to bronchial and sinonasal inhalation
with colistin and oral azithromycin.
3. Discussion
Aquatic biofilms that contain microbial communities of P.
aeruginosa, B. cepacia complex, and other pathogens are
ubiquitous in nature, frequently found in water lines, and
therefore also widespread within medical and dental devices
[3, 6]. In such locations, especially, pathogens with intrinsic
resistance to biocides and high temperature resistance may
diversify and spread. For susceptible hosts, they can cause
serious infections.
In patients with the inherited disease CF, viscous air-
way secretions impair mucociliary clearance, causing these
organisms to not be properly eliminated from the airways.
Pathogens like P. aeruginosa damage the airways not only by
their virulence factors but also by causing enhanced and frus-
trated host immune responses leading to pulmonary destruc-
tion, the primary reason for premature death in CF [1].
Therefore, identification and elimination of sources with
risk to spread pathogens into CF airways is of primary
importance. Moreover, as members of the care health system,
we owe highest responsibility to our patients to prevent
nosocomial infections in those consulting us and to prevent
risks that may follow our treatment.Thus, we feel responsible
for sharing and discussing the course of 5 CF patients and for
calling for concepts to prevent repetition.
The presented spectrum is of CF patients with diverse
history, now attended in a single centre, who underwent
otorhinological surgery or dentist treatment in four different
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(a) (b)
(c) (d)
Figure 4: (a) and (b) right and left nasal sides prior to sinonasal surgery with a series of apical polyps (∗) on the right (a) and a big floating
polyp (†) on the left nasal side, besides the middle turbinate. (c) and (d) Suction tube inside the opened left (c) and right (d) maxillary sinus.
locations. All of them appear to have acquired P. aeruginosa
in the course of the surgical intervention or in evident time
relation after it.
With our case series we want to sensitize CF care takers
and the cooperating otorhinological surgeons or dentists of
the special risk for patients with impaired airway clearance
or immunodeficiency. We call for interdisciplinary concepts
of prevention of P. aeruginosa acquisition during procedures
frequently conducted in CF patients.
3.1. ORL-Treatment. Within the last years, sinonasal involve-
ment in CF is coming into the clinical and scientific focus
[14, 16–24]. Almost one-third of CF patients have symptoms
that fulfil the “EuropeanPosition Paper onRhinosinusitis and
Nasal Polyps” (EPOS) [25] criteria of chronic rhinosinusitis,
and another third suffers from remittent symptoms [26].
Thereby, almost all CF patients reveal pathologic sinonasal
CT scans [27]. In consequence, routine ORL-care, at least
once a year, has been postulated for every CF patient [19],
and for many of them therapeutic decisions must be taken.
However, the paranasal sinuses, which are frequently oblit-
erated by inflamed mucosa, viscous mucus, and polyps, have
been recognized as a site of first and persistent colonization of
CF airways with pathogens like P. aeruginosa [14, 16, 23, 28].
Regardless, sinonasal sampling for detection of colonizing
pathogens does not yet belong to the current standards of CF
care.
When ORL-surgery is required, structured preventive
measures should be taken.
3.2. Impact of Our Case Report Collection on ORL-Treatment
of CF Patients. Until now, no standards of perioperative care
for patients with CF in head and neck surgery, including oral
and maxillofacial surgery, have been established in Germany
nor in many other countries.
This includes the following aspects:
(i) identification of risks within the following:
(a) presurgical attendance (including segregation
from pathogen carriers and diagnostic proce-
dures at risk of pathogen transmission),
(b) surgery (including instrumentation, drilling,
and flushing),
(c) anesthesia (intubation, mechanical ventilation,
suction catheters, reusable laryngeal masks, and
multiple used ventilation hoses),
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(d) postoperative treatment (including routine pro-
cedures, such as inhalation on ward, nasal clear-
ance, and segregation from pathogen carriers);
(ii) diagnostic programs for detection of new pathogen
colonization;
(iii) antibiotic prophylaxis and adjuvant therapy;
(iv) antibiotic treatment in case of pathogen acquisition.
Around dentist treatment (see Introduction), pathogens like
P. aeruginosa and B. cepacia complex are well recognized as
nosocomially relevant, as they persist within dental water-
lines from where they can be nebulized into CF airways, for
example, during drilling and flushing procedures [5–7].
In distinction to dental treatments, ORL-surgery with
pre- and postoperative controls in outpatient clinics, anes-
thesia with mechanical ventilation, and in-hospital treatment
around surgery are associated with a wide range of risks.
For example, about 36% of patients with external otitis are
reported to be colonized by P. aeruginosa [29], which also
is frequent in patients with tracheostomy. By direct contact
in waiting areas and indirectly by surfaces and personnel
attending the patients, such pathogens can be transferred.
We expect highest risks for close succession of instrumental
treatment of patients with various ORL diseases (i.e., FESS
patientswithCF treated alongwith other patients on the same
treatment course/center). The same applies for treatment in
ORL outpatient clinics after discharge from hospital.
3.3. Impaired Mucociliary Clearance Consecutive to Sinonasal
Surgery. Patient number 3 in our case series may give an
underestimated reason for consistent controls: the patient
revealed first P. aeruginosa detection 6 months after surgery.
This patient may elucidate the important role of impaired
mucociliary clearance consecutive to surgery.
Already in 1948, Hilding [30] showed in a canine model
that sinonasal surgery is associated with scar formation and
disruption of mucociliary clearance with debridement and
resection of mucosa. In humans, a more recent study proved
that sinonasal surgery is followed by impaired ciliary beat fre-
quency (assessed by microscopic photometry) requiring up
to 6 months to reach normal values in non-CF patients [31].
Besides, FESS creates a wound area in the middle meatus and
the ethmoid sinus with exposed bone and epithelial defects.
Reepithelialisation takes 6–12 weeks while being an ideal
adhesion surface for bacterial biofilms and crusts. Even in
non-CF patients, antibiotics requiring infections, including
sinusitis, are not uncommon in this post-FESS situation.
We expect the problem to be even more pronounced in
CF patients, as the mucosal CF-transport regulator (CFTR)
defect persists after surgery and persistently thick mucoid
secretions impair sinonasal mucociliary clearance.
In some centres, an increasing proportion of patients
undergo sinonasal surgery to extract obliterating nasal
polyps, mucoceles, and inflamed thickened mucosa, as well
as for drainage of secretions from the sinuses by enlargement
of paranasal sinus ostia [24, 32]. Approaches to operate
UAW routinely in CF cohorts arose within lung trans-
plantation (LTX) programs in the early 1990s [33–35] and
were expanded to wide indications. For example, within a
Copenhagen/Denmark interdisciplinary study program for
sinonasal surgery in CF [22, 36], extended FESS is applied for
one of three defined inclusion criteria as follows:
(1) search for an infectious focus in patients with increas-
ing frequency of positive lower airway cultures or
repeatedly declining lung function >10% despite
intensive antibiotic chemotherapy, patients with an
unknown infectious focus and increasing antibodies
against P. aeruginosa, A. xylosoxidans, or B. cepacia
complex;
(2) LTX within the preceding year;
(3) severe rhinosinusitis symptoms according to the
EPOS [25] guidelines.
Like other ORL-programs in CF [33–35, 37], this concept
includes serial antimicrobial lavages after maximal widening
of the maxillary antrumwithin FESS. In 1995, Davidson et al.
[34] from San Diego published a prophylactic protocol for
rhinosinusitis surgery in CF patients undergoing LTX. FESS
was followed by NL containing antipseudomonal antibiotics
like colistin or tobramycin for the extremely high relapse rates
of rhinosinusitis after sinonasal surgery in CF patients. In
these programs, a large middle meatal maxillary antrostomy
is performed, such that flushed lavage fluid reaches also the
maxillary sinuses. In some centres, application was directed
into the maxillary sinuses by insertion of irrigating catheters
[34] (e.g., 250mL of NL with 20mg of tobramycin added to
the last 50mL). However, subsequent protocols dropped the
cannulation concept for the easier and less invasive flushing
of the nasal cavity and the assessable paranasal sinuses from
a nasally applied flask.
In the same year, Moss and King [33] published a
retrospective case series comparing 32 CF patients who had
received FESS with additional serial antimicrobial lavages to
19 CF patients who had undergone only FESS. Relapse rates
requiring repeated surgery were impressively lower in the
patients with additionally serial antibiotic lavages (after 1 year
10% versus 47%, and after 2 years 22% versus 72%).
Very recently, Vital et al. [24] (Zürich, Switzerland)
published results from their LTX-program. Between 1992 and
2009, 82 of 92 CF patients receiving LTX underwent post-
transplant FESS and daily nasal douching to which different
antibiotics were added according tomicrobiological findings.
The authors report to have eradicated P. aeruginosa from
more than one-third of the 77 patients (79%) harbouring the
pathogen in the UAW.
In Copenhagen, CF patients with FESS additionally
undergo a program of conservative antibacterial and anti-
inflammatory treatment. It includes a two-week intravenous
antibiotic treatment, daily NL with 250mL of isotonic saline
and addition of 3MioIU of colistin (1/2 yr), and nasal topical
steroids (1 yr) [36]. Within ORL follow-up visits, the UAW
is cleansed from debridement and crusts, and secretions are
taken by suction/swabs for microbiological assessment.
However, besides centres which primarily rely on surgical
therapy [22, 24], the still most common approach is to
regard conservative medical management as the initial step
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in treating sinonasal disease in CF [17]. Therefore, evaluation
of conservative approaches which may reduce or postpone
the need for surgery and reduce relapse rates [38] is required.
In this regard, we investigated sinonasal vibrating inhalation
with mucolytics and antibiotics in prospective controlled
trials [15, 39]. Additionally, we apply topical steroids, even
in small CF children with nasal obstruction, as well as nasal
lavages for cleansing of mucus and crusts.
3.4. Upper Airway Sampling after Sinonasal Surgery and
Dentist Treatment. Our case reports call for a structured
program of upper and lower airway sampling before and after
sinonasal surgery and dentist treatment.
We would advocate easy and transferable methods, appli-
cable within routine care. In comparison to nasal blowing
samples and deep nasal swabs, we previously identified diag-
nostic NLwith 10mL of isotonic saline per nostril asmethods
of noninvasive UAW-sampling for detection of sinonasal
colonization with P. aeruginosa [16]. While blowing samples
detected the pathogen in only 10% of patients chronically
colonized in the lungs, 28.9% were positive in deep nasal
swabs and 55.6% in NL. For more than 9 years now, we
have included sinonasal sampling by NL into our routine CF
microbiology program, additional to sputum sampling.
In regard to our case reports and the high chances to
eradicate P. aeruginosa if detected early, we would propose
monthlyNL and sputum controls at least for the first half year
following surgery.
3.5. In Consequence of Our Reported Cases, the Following
Preventive Options around Otorhinological Outpatient
Treatment and Surgery Are Recommended
(1) CF patients in outpatient clinics and operating rooms
should be moved to programme point 1 to exclude
contamination by previous patients. Furthermore, a
new workplace has to be prepared.
(2) The usual perioperative antibiotic prophylaxis in
FESS does not cover pathogens like P. aeruginosa and
should be adjusted for patientswithCF and continued
in the postoperative course of treatment.
(3) Later in the postoperative nasal care (and preopera-
tively) performed by hospital and practice physician,
CF patients should be seen at the beginning of
consultation and sterile disposable suction and sterile
nasal specula have to be used.
(4) Antibiotic additives used for antipseudomonal ther-
apy or in case of LTX could be used prophylactically
for postoperative NL in the first 3–6 months (until
recovering of mucosal barrier).
Further on, we need evidence whether iv-antibiotic courses
may be required for every P. aeruginosa negative patient
requiring sinonasal surgery. An additional interesting ques-
tion for further investigations is whether azithromycin could
help to improve the course of CF patients after sinonasal
surgery [12]. Possibly, its anti-inflammatory potential could
improve wound healing and reduce relapse rates after ENT
surgery. Furthermore, azithromycin was shown to reduce
adhesion of P. aeruginosa to surfaces and it appears to prevent
early biofilm formation in CF patients [40].
Shortcomings of the present paper are attributed to its’
character of a case series. This is not a prospective study
assessing a cohort of patients over years but a retrospective
presentation of five patients that we consider as relevant, as
acquisition of P. aeruginosa around ENT surgery has not
been reported previously, to our knowledge. We suppose
that most sinonasal interventions in CF patients are not
followed by new airway colonization with the pathogen.
However, as evident for dentist treatment [3, 5, 6], our
case series highlights potential risks around ENT surgery in
patients with impaired mucociliary clearance. Additionally
it underlines that further prospective trials are required
in this field including programs to monitor sinonasal and
bronchial colonization prior to and after sinonasal surgery
and programs assessing antibacterial therapy, which together
are essential in reducing risks of pathogen acquisition around
surgical procedures.
4. Conclusion
Our case series is proposed to bring attention to the risk of P.
aeruginosa acquisition within ORL-care of CF patients, just
as within dental care. We want to encourage development of
interdisciplinary guidelines between CF specialists, ORL, and
dental surgeons as well as microbiological and hygiene spe-
cialists to prevent risks to acquire pathogens for susceptible
patients.
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2.2.3 Upper airway sampling in preschool CF patients to assess pathogen 
colonization and inflammation (noch unveröffentlichte Ergebnisse) 
 
Spannend ist im Zusammenhang mit der Besiedlung der Atemwege vor allem die zeitliche 
Dynamik. Wann erfolgt die Erstbesiedlung eines Atemwegssegmentes mit einem 
bestimmten Keim, wird gleich die jeweils andere Etage mit besiedelt oder zeitlich verzögert 
oder niemals? Wie korreliert die lokale Inflammationsreaktion mit der Keimbesiedlung? All 
diese Fragen adressierten wir in unserer Arbeitsgruppe in dem Projekt von Kara Wullenkord. 
Dafür untersuchten wir 25 Kinder im Alter von 1-7 und sammelten im Rahmen der 
vierteljährlichen Routinebesuche über 850 Proben aus beiden Atemwegsetagen. Wir 
konnten zeigen, dass sich die Keimbesiedlung zwischen beiden Atemwegsetagen quantitativ 
deutlich unterscheidet, aber keiner der untersuchten Keime ausschließlich in einer der 
beiden Etagen zu finden ist (Abb. 7). 
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Interessant ist vor allem der zeitliche Verlauf. Während beispielsweise M. catarrhalis fast 
immer zuerst in den oberen Atemwegen auftritt, besiedeln Enterobacteriaceae oder Candida 
albicans meist zuerst die Lunge (Abb. 8). Durch das besonders engmaschige Sammeln und 
Analysieren der Materialen waren wir in der Lage, die zeitliche Abfolge der Besiedlung pro 
Patient noch genauer auflösen zu können (Abb. 9). 
 
















P U B L I K A T I O N E N  
 
Abb. 9: Zeitliche Dynamik der Besiedlung von 6 Patienten, welche über 60 Monate beobachtet wurden. Die 
obere Linie symbolisiert Proben aus den oberen Atemwegen, die untere aus den unteren Atemwegen. 
Ausgefüllte Punkte stehen für einen Nachweis des entsprechenden Keims. (A) Der Patient zeigt eine Besiedlung 
mit S. pneumoniae ausschließlich in den oberen Atemwegen. (B) Der Patient ist ausschließlich in den unteren 
Atemwegen mit C. albicans besiedelt. (C) Der Patient akquirierte H. influenzae zuerst in den oberen 
Atemwegen und anschließend in den unteren Atemwegen. (D) Enterobacteria wurden bei diesem Patienten 
zuerst in den unteren Atemwegen nachgewiesen, danach in den oberen. (E and F) Zeitgleiche Akquise von S. 
aureus in beiden Atemwegsetagen. 
S. pneumoniae C. albicans 
H. influencae Enterobacteria 
S. aureus S. aureus 
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2.3 Korrelation zwischen Keimbesiedlung und Inflammation 
2.3.1 Non-invasive assessment of upper and lower airway infection and 
inflammation in CF patients. 
Fischer N, Hentschel J, Markert UR, Keller PM, Pletz MW, Mainz JG.  
Pediatr Pulmonol. 2014 Nov;49(11):1065-7589. 
Für die oberen Atemwege hatte unsere Arbeitsgruppe, wie in den Veröffentlichungen unter 
2.1 gezeigt, standardisierte Methoden zur Materialgewinnung etabliert und validiert. Für die 
unteren Atemwege (UAW) bestand bereits eine solche Methode, bei der  Sputum (spontan 
gewonnen oder nach Induktion durch Inhalation von hypertoner Saline) mit PBS verdünnt 
und mit DTT aufgeschlossen wird. Nach einem Filtrierungsschritt stand Material für eine 
zytologische Analyse zur Verfügung und nach einer Zentrifugation wurde der Überstand in 
Aliquots bei -70 °C gelagert. Für die nasale Lavage etablierten wir einen 
Prozessierungsschritt, um die zellulären Bestandteile analysieren zu können. Die 
immunologischen Methoden wurden auf die Proteasen MMP9 und Antiproteasen TIMP1 
ausgeweitet. Für alle Proben wurde eine konventionelle mikrobiologische Analyse 
durchgeführt. Mit diesen Methoden untersuchten wir OAW und UAW von 40 CF-Patienten 
im Alter von 5-72 Jahren. Wir konnten zum ersten Mal Korrelationen zur Gesamtzellzahl 
zeigen und Zelltypen differenzieren. Wie erwartet fanden sich in den UAW deutlich mehr 
Zellen als in den OAW. Die Gesamtzellzahl als auch die Zahl der PMNs sowie die IL-8-
Konzentration war deutlich höher bei Patienten, welche eine Besiedlung mit P.aeruginosa in 
den UAW aufwiesen. Interessanterweise ließ sich diese Korrelation nicht für die OAW nicht 
zeigen, was darauf hindeutet, dass die beiden Atemwegsetagen unterschiedliche 
Abwehrmechanismen nutzen. Umgekehrt waren sowohl die Werte im Sputum als auch in 
der NL für MMP9 und TIMP1 bei UAW-unbesiedelten niedriger als bei besiedelten Patienten. 
Fazit: Mit der Analyse von Sputum besteht eine Möglichkeit, nicht invasiv Material aus den 
unteren Atemwegen zu gewinnen und für zytologische und immunologische Analysen zu 
nutzen. Eine Prozessierung ist unumgänglich. Erste Analysen zeigten, dass obere und untere 
Atemwege verschiedene Abwehrstrategien bei Besiedlung mit P.aeruginosa aufweisen.
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Non-Invasive Assessment of Upper and Lower Airway
Infection and Inflammation in CF Patients
Nele Fischer,1 Julia Hentschel, PhD,1 Udo R. Markert, MD,2 Peter M. Keller, MD,3
Mathias W. Pletz, MD,4 and Jochen G. Mainz, MD1*
Summary. Background: Theupper (UAW)and lower (LAW) airways of patientswith cystic fibrosis
(CF) have the same ion-channel defects, but little is knownabout similarities and differences in host
immunological responses at the two levels. Aim: Identification and comparison of both levels’
pathogen colonization and resulting immunological host responses. Methods: The UAWand LAW
of 40 CF patients were non-invasively assessed by nasal lavage and induced sputum. Pathogen
colonization, cytology, and the concentrations of inflammatory mediators (TNF-a, MPO, matrix
metalloprotease (MMP)-9, tissue inhibitor of metalloprotease (TIMP)-1, regulated upon activation,
normal T-cell expressed and presumably secreted (RANTES), and interleukin (IL)-1b, -5, -6, -8,
and -10) were measured. Results: Inflammatory responses were more pronounced in the LAW
than the UAW. Pseudomonas aeruginosa LAW colonization is accompanied by a significantly
enhanced neutrophil (PMN)-dominated response (P¼0.041) and IL-8 concentration (P¼0.01) not
observed in P. aeruginosa UAW colonization. In contrast, sinonasal P. aeruginosa colonization
resulted in elevatedRANTES (P¼0.039) and reducedMMP-9 (P¼0.023) andTIMP-1 (P¼0.035)
concentrations. Interestingly, LAW P. aeruginosa colonization was associated with reduced
sinonasal concentrations of MMP-9 (P¼0.01) and TIMP-1 (P¼0.02), a finding independent of
UAW colonization for MMP-9. Conclusion: CF UAWand LAW show distinct inflammatory profiles
and differentiated responses upon P. aeruginosa colonization. Assessment of UAW colonization
andMMP-9 are predictive of chronic pulmonary colonization withP. aeruginosa. Thus, this linkage
betweenCFUAWandLAWcan provide newclinical and scientific implications.Pediatr Pulmonol.
2014; 49:1065–1075.  2014 Wiley Periodicals, Inc.
Key words: cystic fibrosis; upper airways; nasal lavage; Pseudomonas aeruginosa;
cytokines.
Funding source: none reported.
INTRODUCTION
In cystic fibrosis (CF), an autosomal recessive disorder,
dysfunction of theCFTR chloride channel leads to altered
ion composition and increased viscosity of secretions
from exocrine glands, resulting in pulmonary destruction.
Facilitated by impaired mucociliary clearance, pulmo-
nary infection remains the major cause of morbidity and
mortality in CF patients.1
Airway mucociliary clearance is highly dependent on
the depth and composition of the periciliary fluid layer. In
CF, ion channel dysfunction results in a depletion of this
airway surface liquid layer.2 Patients suffer from mucus
retention, symptoms of pulmonary obstructive disease,
and chronic infection and inflammation. Pulmonary
bacterial colonization with Pseudomonas aeruginosa
and Staphylococcus aureus aggravates inflammatory
processes and leads to a vigorous neutrophil-dominated
inflammatory response.3 Whereas mechanisms of lower
airway (LAW) infection and inflammation have been
intensively studied, little is known about inflammatory
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mechanisms of the upper airway (UAW).CTFR-mediated
stasis of secretions in the UAW leads to infection and
inflammation in this airway segment, with mucosal
swelling, mucoceles, polyps and exaggerated mucus
production aggravating the already impaired clearance
function. As a result, chronic rhinosinusitis with or
without nasal polyps is common in CF patients.4
Symptoms include nasal congestion, rhinorrhea, anosmia,
facial pain, and sleep disturbances, with impacts on
quality of life and overall health. Moreover, the nasal
cavity and especially the sparsely aerated paranasal
sinuses are regarded as site of primary infection and a
reservoir for bacterial colonization of CF airways.5–7
UAW sampling, which has not been part of standard CF
care, results in the frequent detection of pathogenic
bacteria.8 Recent studies provided proof of a relationship
between upper and lower airway infection detecting
concordant S. aureus and P. aeruginosa strains in upper
and lower airways of the same patients.6,9
Thus we investigated infection and inflammation of the
UAW and LAW in patients with CF. Epithelial surface
liquid from the UAW and LAW was non-invasively
sampled by nasal lavage (NL) and induced sputum (IS),
respectively. Bacterial and fungal colonization was
assessed, together with the concentrations of soluble
inflammatory markers and cytological compositions. We
analyzed whether: (i) immunological responses and
mediator concentrations were influenced by the presence
of distinct bacteria, (ii) the inflammatory responses of
both airway levels were related, and (iii) whether NL can
provide a non-invasive tool for LAW assessment.
METHODS
Patients
Forty CF patients (19 males, 21 females; mean age
27 years, range 5–72 years) were prospectively recruited
between August 2010 and May 2011 during regular
outpatient visits to the JenaUniversity CFCentre. Patients
were included if they had been diagnosed with CF by two
positive sweat tests and/or the presence of two disease-
causing CFTR mutations and had not been treated with
intravenous antibiotics for at least 2 weeks. Treatment
with azithromycin and other inhaled and oral antibiotics
were ascertained but no exclusion criteria. Written
informed consent was obtained from each patient or
their parent and the studywas approved by the local ethics
committee. The demographic and clinical characteristics
of the included patients are shown in Table 1.
Chronic bacterial colonization was defined by positive
culture detection for at least 50% of microbiological
examinations during the preceding year, with maximum
times between examinations of three months.10 Due to
routine culture sampling of both airway levels at every
visit to the Jena University CF Centre for more than
5 years, this definition was applied equally to the LAW
and UAW, with a meanSD 6.2 1.78 and 5.1 1.68
samples, respectively, taken during the preceding year.
Nasal Lavage
NLwas performed as described previously.6,11 In brief,
10ml of sterile isotonic saline were applied to each
nostril. Patients were instructed to hold the head in a
slightly reclined position for 10 sec, lean forward and
gently exhale NL fluid (NLF). An aliquot was directly
sent for microbiological analysis. For cytological analy-
sis, 5ml NLF were mixed with 500ml fetal calf serum
(FCS, Biochrom AG, Berlin, Germany) and stored at
room temperature until processed. The NLF was
centrifuged (1,000 rpm, 10min, room temperature), and
most of the supernatant was discarded, leaving 1ml
for resuspension of the cell pellet to which 100ml FCS
were added. For cytokine analysis 3–5ml of native NLF
were mixed with protease inhibitors (Protease Inhibitor
Mix G, SERVA Electrophoresis GmbH, Heidelberg,
Germany) and stored at 808C until analysis. Total
protein concentrations were measured spectrometrically
at 280 nm using NanoDrop (NanoDrop ND 1000, Thermo
Fisher Scientific, Inc., Waltham, MA).
TABLE 1—Demographic Characteristics and Pathogen
Colonization of the Study Population (n¼ 40)
Characteristics




Heterozygous F508 del1 22/40
FEV1, % predicted 68.25 (26.37)
BMI, kg/m2, adult patients (n¼ 31) 21.06 (2.26)
BMI percentile, age< 18 years (n¼ 9)2 30.89 (25.61)
ABPA 3/40
Therapy
Oral antibiotics targeting P. aeruginosa 3/40
Oral antibiotics targeting S. aureus 1/40
Inhaled antibiotics targeting P. aeruginosa 14/40
Azithromycin 23/40
Chronic P. aeruginosa colonization of:
UAW 12/40
LAW 18/40
Both airway levels 12/40
Chronic S. aureus colonization of:
UAW 11/40
LAW 18/40
Both airway levels 10/40
Results expressed as frequencies or mean (standard deviation).
1Eight of 22 class 1–3 mutation (G551D, R553X, N1303K, G542X), 7/
22 class 4–5 mutation (2789þ 5G>A, 3849þ 10kbC>A, R347P), 7/
22 second mutation not classified to date.
2BMI percentiles for patients <18 years calculated according to
Krohmeyer–Hausschild.42




Sputum was collected by spontaneous coughing or
following inhalation of 6% hypertonic saline (Mucoclear
6%, PARI GmbH, Starnberg, Germany). An aliquot was
directly sent for microbiological analysis. The remaining
volume was diluted weight-related 1:5 with sterile
phosphate-buffered saline (PBS) and again diluted 1:4
with 0.1% dithiothreitol (DTT). After incubation for
10min at 378C, sputum was filtered with a 40mm cell
strainer to remove debris and mucus. One milliliter of
filtrated sputum was mixed with 100ml FCS and sent for
cytological analysis. The remaining sputum was centri-
fuged (1,000 rpm, 10min, room temperature), mixed
with protease inhibitors as above, and stored in aliquots
at 808C. Total protein concentrations were measured at
280 nm using NanoDrop.
Cytological, Microbiological, and Mediator
Analysis
Total cell counts (TCCs), including percentages of
polymorphonuclear neutrophils (PMN), were measured
by fluorescence flow cytometry (Sysmex XE-5000,
Sysmex Deutschland GmbH, Norderstedt, Germany).
NLF and sputum were assessed microbiologically
according to European standards. Since some patients
were unable to expectorate the quantities of sputum
needed for cytological, microbiological, and immunolog-
ical analyses, sputum for microbiological analysis could
not be obtained from two patients, even after inhalation of
hypertonic saline. Neisseria spp., Corynebacteria spp.,
alpha-haemolytic streptococci, Rothia spp., coagulase
negative staphylococci, and non-haemolytic streptococci
were frequently found in both NL cultures and IS cultures
and considered part of the human nasopharyngeal
microbiome.12,13
Concentrations of IL-1b, -5, -6, -8, and -10, RANTES,
MPO, TNF-a, MMP-9 and TIMP-13 were determined
using cytometric bead arrays (FlowCytomix Human
Basic Kit and FlowCytomix Human Simplex Kits,
eBioscience, Inc., Frankfurt, Germany) according to the
manufacturer’s instructions. Native NLF and IS super-
natants, diluted 1:1 with sterile PBS, were centrifuged
(1,600 rpm, 3min) to remove mucus and cell fragments.
These samples were incubated with antibody-coated
beads for 10 hr at 48C in the dark and differentiated by
bead size and spectral properties using a biotin–
streptavidin–PE system with FACS (FACSCalibur, BD
Biosciences, Franklin Lakes, NJ) and FlowCytomix Pro
2.4 software (eBioscience, Inc.). The lower limits of
detection were 4.20 pg/ml for IL-1b, 1.6 pg/ml for IL-5,
1.2 pg/ml for IL-6, 0.50 pg/ml for IL-8, 1.9 pg/ml for IL-
10, 25.00 pg/ml for RANTES, 0.02 ng/ml for MPO,
3.2 pg/ml for TNF-a, 0.095 ng/ml for MMP-9, and
28.00 pg/ml for TIMP-1.
Statistical Analysis
Descriptive statistics were used to describe the clinical
characteristics of the study population and test results.
Odds ratios (OR) were calculated for risks of concomi-
tant pulmonary colonization upon sinonasal colonization
with P. aeruginosa and S. aureus. TheMann–WhitneyU-
test was used to determine differences between the
analyzed groups. Correlations of inflammatory media-
tors, cell counts and clinical features were tested with
Spearman’s rho. Due to the low detection rates of IL-1b,
IL-5, IL-6, and TNF-a, Fisher’s exact test was utilized to
assess significant differences between groups. P-value
< 0.05 was considered statistically significant. All
statistical analyses were performed with IBM SPSS 19
(SPSS, Inc., Chicago, IL), with figures created with




Pathogenic bacteria and fungi were detected in 28 NL
(70%) and 34 IS (89%) samples (E-Figure 1). S. aureus
was themost frequently cultured bacterium, being present
in 37% of NL and 55% of IS samples, followed by P.
aeruginosa, which was present in 27% and 45%,
respectively. Frequencies of colonization in children
(age< 18 years, n¼ 9) and adults (n¼ 30) were similar
for S. aureus, whereas P. aeruginosa colonization
increased with age, being present in 22% and 52% of
IS samples from children and adults, respectively, and in
11% and 32% of IS samples from children and adults,
respectively. Colonization with both pathogens was found
in three NL and seven IS samples.
Chronic colonization of the LAW with P. aeruginosa
was found in 18 (47%) patients, including 12 (32%) with
chronic colonization of the UAW. The likelihood of P.
aeruginosa colonization of the LAW was 4,000 times
higher in patients with than without P. aeruginosa
detection in the UAW. S. aureus colonization of the
LAW was observed in 18 patients (46%), with 10 (26%)
showing chronic colonization of both airway levels. Only
one patient showed chronic colonization of the UAWwith
S. aureuswithout detection in the LAW. The likelihood of
S. aureus colonization of the LAWwas 25 times higher in
patients with than without S. aureus colonization of the
UAW (Table 1).
Analysis of Immunological Markers
Inflammatory markers regularly detected in NL were
IL-8, RANTES, MPO, MMP-9, and TIMP-1; all of these,
plus IL-1b, were frequently detected in IS. All detectable
markers showed significant differences in concentrations
between the two airway compartments (P< 0.001).
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Frequencies of detection, as well as medians and
interquartile ranges of concentration are shown in
Table 2.
Values for MMP-9 and TIMP-1 reached the
upper limit of detection in nine respectively ten UAW
samples. With higher dilutions of these samples the
concentrations of MMP-9 and TIMP-1 are likely to be
even higher. This finding addresses the challenge of
multiplex analyses like the bead array to select and
determine ideal conditions for all analytes that are
simultaneously measured in only one sample. However,
since these values display a trend towards a high
concentration they were not excluded but marked within
the figures.
IL-10 concentrations were below the limits of detection
in both airway compartments of all 40 patients. IL-5, IL-6,
and TNF-awere each detected in only twoUAWsamples;
and in only five, four, and one LAWsamples, respectively.
Detectable concentrations for IL-5, IL-6, and TNF-a did
not correlate with specific clinical characteristics,
bacterial colonization, or medications.
As expected, IL-8 and total protein concentrations
showed significant correlations in both the UAW
(P< 0.001; r¼ 0.76) and LAW (P¼ 0.002; r¼ 0.48).
Concentrations of the neutrophil-associated proteins
MMP-9, MPO, IL-8, and TIMP-1 in UAW samples
showed significant positive correlations with each other
(P< 0.01). We also found that MMP-9, MPO, and
RANTES concentrations in the LAW correlated signifi-
cantly (P< 0.01), as did concentrations of TIMP-1,
MMP-9, and IL-8 in the LAW (P< 0.01) (E-Table 1).
Correlations of mediators in both airway levels were
solely observed for concentrations of RANTES that
correlated significantly in P. aeruginosa colonized
patients (P¼ 0.019, r¼0.84). No other mediator
showed significant correlations of both levels in total or
S. aureus colonized patients.
In addition, individual concentrations of biomarkers in
the 40 patients are displayed on a percentage basis (E-
Figure 2).
Cytological Analysis
TCCs, including percentages of PMN, were deter-
mined in 36 UAW and 28 LAW samples (Table 2).
Total protein concentrations in NLF (P¼ 0.002,
r¼ 0.45) and IS (P< 0.001, r¼ 0.82) were positively
correlated with the corresponding TCCs. Positive
correlations in the UAW were observed for TCC and
MMP-9 (P< 0.001; r¼ 0.63), IL-8 (P< 0.005; r¼ 0.62),
TIMP-1 (P< 0.005; r¼ 0.62), and MPO (P¼ 0.02;
r¼ 0.37). In the LAW, TCC was negatively correlated
with MPO (P< 0.001; r¼0.67) and RANTES
(P¼ 0.02; r¼0.43) and positively correlated with IL-
1b (P< 0.001; r¼ 0.67).
UAW Colonization and Inflammation
Levels of inflammatory mediators and cells in the NLF
were analyzed with respect to chronic colonization of the
UAW with P. aeruginosa and S. aureus (Figs. 1–3,
Table 3).
Nine patients with solitary P. aeruginosa (PAþSA)
and eight with solitary S. aureus (PASAþ) coloniza-
tion were compared with 19 patients not colonized with
either pathogen (PASA). Solitary P. aeruginosa
colonization (PAþ SA) of the UAW revealed signifi-
cantly lower MMP-9 (P¼ 0.023) and TIMP-1
(P¼ 0.035) concentrations compared to non-colonized
patients (PA SA) (Fig. 2). Additionally, RANTES
concentrations in the UAW were significantly higher
(P¼ 0.039) in patients colonized with P. aeruginosa
(PAþSA) than with S. aureus (PASAþ) (Fig. 2).
Patients solely colonized with S. aureus (PASAþ)
had lower concentrations of RANTES in the UAW than
non-colonized patients (PASA), although this differ-
ence did not reach statistical significance (P¼ 0.055).
LAW Colonization and Inflammation
Concentrations of inflammatory mediators and cells in
the IS were analyzed with respect to chronic P.
TABLE 2—Inflammatory Markers and Cell Counts
UAW LAW
Median (IQR) DR Median (IQR) DR
IL-8, ng/ml 0.42 (0.6) 95.0 49.54 (34.1) 97.5
MPO, ng/ml 298.56 (251.7) 100 2,165.20 (5,293.1) 100
MMP-9, ng/ml 23.36 (77.3) 100 551.70 (440.8) 100
TIMP-1, ng/ml 3.48 (37.4) 95.0 17.35 (90.1) 80.0
RANTES, pg/ml 14 (45.5) 55.0 0 (999.3) 37.5
IL-1b, ng/ml — 2.5 0 (3.8) 40.0
TCC, cells/ml 69.0 (238.0) 2,389.0 (3,701.0)
PMN, % of TCC 84.6 (14.8) 79.6 (24.9)
Results for detection rates (DR) are expressed as%. IQR: interquartile range. Significant differences (P< 0.001) in concentrations between the two
airway levels are marked (). Due to their low frequencies of detection, IL-5, IL-6, and TNF-a are not shown.
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Fig. 1. Comparison of analyzed cells relative to chronic colonization. TCCs and PMN were
measured in specimens of the corresponding airway compartment. Groups defined as patients
colonizedwith (i)P. aeruginosa alone (PAþSA), (ii)S. aureus alone (PASAþ), and (iii) neither
(PASA). P-values, medians, and error bars for IQR (interquartile range) are shown. UAW:
upper airways, LAW: lower airways. Measured values are listed in Table 3.
Fig. 2. Comparison ofMMP-9, TIMP-1, andRANTES relative to chronic colonization.Markerswere
measured in specimens of the corresponding airway compartment. Groups defined as patients
colonizedwith (i)P. aeruginosa alone (PAþSA), (ii)S. aureus alone (PASAþ), and (iii) neither
(PASA). P-values, medians and error bars for IQR (interquartile range) are shown. UAW:
upper airways, LAW: lower airways. Measured values are listed in Table 3. Values for MMP-9 and
TIMP-1 at the upper limit of the assay (MMP-9: 101.00ng/ml, TIMP-1: 39.00ng/ml) are displayed
and marked ().
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aeruginosa and S. aureus colonization of the LAW
(Figs. 1–3, Table 3).
When we compared patients with pulmonary P.
aeruginosa colonization (PAþSA, n¼ 11) and S.
aureus (PA SAþ, n¼ 12) alone, we observed signifi-
cant differences inMPO (P¼ 0.027), IL-8 (P¼ 0.01), and
PMN (P¼ 0.042) concentrations in the LAW (Figs. 1
and 3). Higher concentrations of PMN and IL-8 and lower
concentrations of MPO were observed in the PAþSA
group. Additionally, concentrations of MPO in the
PAþSA group were significantly lower compared to
non-colonized patients (PASA, n¼ 10, P¼ 0.036).
Fig. 3. Comparison of IL-8 and MPO relative to chronic colonization. Markers were measured in
specimensof the corresponding airwaycompartment. Groupsdefined aspatients colonizedwith
(i)P. aeruginosa alone (PAþSA), (ii)S. aureus alone (PASAþ), and (iii) neither (PASA).P-
values, medians and error bars for IQR (interquartile range) are shown. UAW: upper airways,
LAW: lower airways. Measured values are listed in Table 3.
TABLE 3—Colonization With P. aeruginosa and S. aureus
PAþSA PA SAþ PA SA P-value
UAW
IL-8, ng/ml 0.34 0.35 0.46
MPO, ng/ml 287.00 321.70 260.70
MMP-9, ng/ml 4.93 22.77 35.13 0.023
TIMP-1, ng/ml 1.48 2.22 10.70 0.035
RANTES, pg/ml 43 0 15 0.039
TCC, cells/ml 40.0 110.5 57.0
PMN, % of TCC 88.0 81.1 77.6
LAW
IL-8, ng/ml 56.04 21.82 50.30 0.010
MPO, ng/ml 938,60 ,† 4,678.00 4,640.00† 0.027, 0.036†
MMP-9, ng/ml 532.30 521.90 763.00
TIMP-1, ng/ml 18.10 8.95 76.45
RANTES, pg/ml 0 372 563
IL-1b, ng/ml 0.00 0.00 0.00
TCC, cells/ml 2,389.0 681.0 1,555.0
PMN, % of TCC 87.2 69.8 76.2 0.042
Results for comparison of inflammatory markers and cells compared relative to colonization. Values are expressed as medians; significant
differences, and P-values are marked with  and †.
PAþ SA: solitary chronic colonization with P. aeruginosa, PASAþ: solitary chronic colonization with S. aureus, PASA: no chronic
colonization with these pathogens.
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UAW Mediators in Respect of LAW Colonization
We also assessed whether the concentrations of
inflammatory mediators in NLF could predict pathogen
colonization of the LAW (Fig. 4, E-Table 2).
We found that MMP-9 (P¼ 0.011) and TIMP-1
(P¼ 0.018) concentrations were significantly higher in
patients negative (LAW) than positive (LAWþ) for
P. aeruginosa colonization of the LAW. When we
subdivided the LAWþ group (n¼ 18) into those positive
(LAWþUAWþ n¼ 12) and negative (LAWþUAW
n¼ 6) for P. aeruginosa colonization of the UAW, we
found that MMP-9 concentrations were significantly
lower in both the LAWþUAWþ (P¼ 0.04) and LAW
þUAW (P¼ 0.045) groups than in the LAW group,
whereas TIMP-1 concentrations in the two LAWþ
subgroups did not differ significantly from that in the
LAW group.
DISCUSSION
Pulmonary destruction triggered by chronic airway
infection and inflammation remains the primary cause of
premature death in patients with CF. Although the
underlying chloride channel defect also affects the
sinonasal compartment, little is known about inflamma-
tory host responses in the upper airways and their relation
to lower airway immunology and pathogen colonization.
Microbiology
Our findings confirmed that chronic infection with
P. aeruginosa and S. aureus is not only a characteristic of
Fig. 4. Comparison of UAW mediators relative to chronic colonization of the LAW. MMP-9 and
TIMP-1 concentrations were measured in NL fluid of patients (i) with colonization of the LAW
(LAWþ), (ii) colonization of the LAW and consistent UAW colonization (LAWþUAWþ), (iii)
colonization of the LAW without UAW colonization (LAWþUAW), and (iv) without LAW
colonization (LAW). P-values, medians and error bars for IQR (interquartile range) are shown.
Measured values are displayed in E-Table 2. Values forMMP-9 and TIMP-1 at the upper limit of the
assay (MMP-9: 101.00ng/ml, TIMP-1: 39.00ng/ml) are displayed and marked ().
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the LAW, but also affects the UAW. All of our patients
with recurrent P. aeruginosa infection of the UAW
showed long-term colonization of the LAW, and 66% of
patients with P. aeruginosa colonization of the LAW
showed simultaneous colonization of the UAW. S. aureus
colonization of the UAW was accompanied by LAW
colonization in 91% of patients. Non-invasive assessment
and detection of P. aeruginosa and S. aureus in the UAW
were associated with 4,000- and 25-fold increased
likelihood, respectively, of LAW colonization. Especially
in patients not capable of producing sputum, non-invasive
NL sampling could be performed in addition to deep
throat swabs. The age-dependent increases in P. aerugi-
nosa colonization of both the upper and lower airways in
our study population are consistent with our previous
findings.6
Although we found a variety of pathogens in microbial
cultures at inclusion date (E-Figure 1), no further
investigation regarding other pathogens than P. aerugi-
nosa and S. aureus was performed due to the small
numbers of patients with matching detection of these
pathogens. However, future studies should include the
effects of pathogens other than P. aeruginosa and S.
aureus on biomarkers in CF. Another interesting approach
is the postulated decline in diversity of polymicrobial
colonization following chronic pathogen colonization.14
The impact of this loss in diversity of bacterial
communities on immunological features including bio-
marker expressions is a highly attractive approach for
future studies.
UAW and LAW Inflammation
Overall concentrations of cytokines, enzymes, and
cells were markedly lower in UAW than in LAW
specimens. This may be due to dilutions resulting from
sampling and processing and the anatomical sizes of
the two compartments, but may also indicate a more
differentiated UAW response, combining first line
neutrophilic host response and other defense mechanisms
including the secretion of antibodies.15,16
As expected, the exaggerated inflammation, in either
the presence or absence of infection, observed in both
airway compartments was accompanied by the down-
regulation or even the absence of the anti-inflammatory
cytokine IL-10, which could not be detected in upper and
lower airway samples from patients with CF.17,18 The
correlations we observed between PMN granules, the
sources of MMP-9 and MPO, and the major PMN
chemoattractant IL-8 in both UAW and LAW samples
indicate the prominent role played by PMN in the first line
defense response in both airway compartments.19,20 In
addition, we found that the concentrations of MMP-9 and
its inhibitor TIMP-1 were positively correlated in both the
upper and lower airways, with both MMP-9 and TIMP-1
involved in tissue remodeling and pathologic tissue
degradation when their balance is altered.21
Surprisingly, we found an inverse correlation between
TCCs, predominantly PMNs, and MPO, a marker of
neutrophil activity, in the LAW. In addition, MPO
concentrations were lower in patients with P. aeruginosa
colonization of the LAW, whereas the PMN counts and
IL-8 concentrations suggest a neutrophil-dominated
inflammatory response. Soluble MPO may be entrapped
within neutrophil-extracellular traps (NETs), which
consist of neutrophil chromatin and granule proteins.
NETs are regularly found in LAW of CF patients, and
have the ability to bind mediators such as active
MPO.22,23 Since neutrophil cell death is essential for
NET formation, released MPOmay also be inactivated or
partly degraded.
Impact of Colonization on Inflammation
Chronic colonization of both the UAW and LAW with
P. aeruginosa altered the concentrations of inflammatory
markers and cell counts. Whereas colonization of the
UAW was correlated with reduced concentrations of
MMP-9 and TIMP-1 and increased concentrations of
RANTES, colonization of the LAW was correlated with
increased concentrations of PMN and IL-8.
Our finding, that decreased MMP-9 concentrations
were associated with chronic P. aeruginosa colonization
of the UAW, may be due to the cleavage of MMP-9 by P.
aeruginosa elastases,24 similar to other proteins.25–28
MMP-9 expression was shown to decline over time in
cells incubatedwithP. aeruginosa,24 although others have
reported elevated MMP-9 levels in presence of P.
aeruginosa. For example, incubation of corneal epithelial
cell cultures with pseudomonal virulence factors was
found to induceMMP expression, andMMP-9 expression
was found to be stimulated in the BAL fluid of patients
with bronchiectasis.29,30 Matrix metalloprotease concen-
trations are also altered by treatment regimens, including
with fluticasone and roxithromycin.31,32
P. aeruginosa colonization of the UAW resulted in
increased expression of RANTES, a chemokine that
promotes the transmigration of monocytes, lymphocytes,
and eosinophils, with its transcription induced by P.
aeruginosa exoenzyme S.33 In contrast, P. aeruginosa
colonization of the LAW did not up-regulate RANTES
expression,34,35 a difference that may be due to the
adaptive mechanisms of P. aeruginosa. While suppres-
sion of RANTES in the LAWmay prevent the eradication
of P. aeruginosa, up-regulation in the UAW may
eliminate competitive bacteria, including S. aureus,
sustaining P. aeruginosa colonization in the UAW.
Elevated PMN counts and IL-8, a major neutrophil
chemoattractant, upon P. aeruginosa colonization of the
LAW indicate an exaggerated neutrophil-dominated
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inflammation of the LAW compared with S. aureus
colonization, suggesting that P. aeruginosa triggers a
more severe inflammatory response than S. aureus.
S. aureus and P. aeruginosa generate diverse immune
responses in CF airways. In UAW, P. aeruginosa but not
S. aureus increased significantly the expression of
RANTES, indicating a recruitment of monocytes and
lymphocytes to the UAW upon P. aeruginosa coloniza-
tion. A much lower PMN adherence to P. aeruginosa
biofilms in the paranasal sinuses than in the lungs was
reported lately, indicating a reduced PMN response in the
UAW upon P. aeruginosa colonization.36 In addition,
elevated numbers of mast cells and plasma cells but not
PMN have been observed in sinus specimens from CF
patients with chronic polypoid sinusitis.15
Since higher MPO and IL-8 concentrations have been
reported in the NLF of patients with S. aureus compared
to those with P. aeruginosa colonization of the UAW,11
our conclusion, that P. aeruginosa enhances the recruit-
ment of monocytes and lymphocytes to theUAW, requires
confirmation by assessment of differential cell counts in
UAW specimens and their relations to pathogen coloni-
zation in a larger number of patients.
The evaluation of relationships between colonization
and inflammation in both airway compartments in CF
patients requires further research. Future studies in this
field should focus on longitudinal assessment and serial
sampling. In this context, promising approaches are the
evaluation of changes in upper and lower airway
biomarker expressions under antibiotic treatment and
the impact of bacterial community diversification on
inflammation.
Hypothesis of “Unified Airways”
The “united airway disease” hypothesis suggests that
the pathologic mechanisms of UAW and LAW compart-
ments are related in patients with inflammatory respira-
tory diseases. This hypothesis has been confirmed
in patients with allergic rhinitis and asthma (ARIA),
those with COPD and sinonasal involvement, and
those with sinonasal infection and ventilator-associated
pneumonia.37–39 Different mechanisms are thought to
contribute to interactions between airway compartments,
including cytokine-based communication, a cross-talk
resulting in the modification of mediator expression, and
stimulation and enhanced migration of inflammatory
cells.37,40 We therefore assessed the relationships be-
tween inflammatory mediators in the UAWand LAWand
asked whether LAW inflammation and colonization could
be determined by assessment of the UAW.
Concentrations of the same inflammatory marker in
both airway levels were tested for correlations. Although
IL-8 and neutrophil counts in the nasal wash and BAL
fluid of 19 children with CF (mean age 1.9 years) were
shown to be correlated,41 we could not demonstrate
correlations between inflammatory mediators at different
airway levels, likely due to heterogeneities in age (mean
age 27 years), therapy regimens and genetic mutations.
However, in the 12 patients with consistent and chronic P.
aeruginosa colonization of the UAW and LAW, we
observed an inverse relationship of RANTES concen-
trations, suggesting inflammatory cross-talk. In addition,
MMP-9 concentrations in the UAW may predict chronic
P. aeruginosa colonization of the LAW (P¼ 0.011–
0.045). A similar trend was observed for TIMP-1
concentrations.
CONCLUSIONS
Our results confirm differences in the inflammatory
responses of the UAW and LAW in patients with CF.
Whereas chronic P. aeruginosa colonization of the
UAW seems to be accompanied by RANTES-mediated
recruitment of monocytes and lymphocytes, chronic
P. aeruginosa colonization of the LAW resulted in a
PMN-dominated inflammatory response. Furthermore
RANTES expression in P. aeruginosa colonized patients
showed an inverse relationship in the UAW and LAW.
Management of sinonasal disease and the assessment of
UAW are coming into the focus of clinical and scientific
attention. Therefore, biomarker monitoring in studies of
disease modulating therapies should assess the inflamma-
tory responses of both airway compartments as well as the
inflammatory relationships between them. As both NL
and IS are suitable for repeated non-invasive sampling of
epithelial lining fluid, they can be used to quantify the
effects of CFTR correctors and potentiators on CF airway
inflammation.
Our finding of decreased MMP-9 concentrations in the
UAW upon chronic P. aeruginosa colonization of the
LAW may have predictive potential in assessing LAW
inflammation via NL. Especially in young children not
capable of sufficient sputum production, NL could be an
alternative to BAL for determining LAW infection. Our
results provide further evidence supporting the “unified
airway disease” theory, encouraging future studies that
focus on implications of this linkage.
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2.3.2 Protease-antiprotease imbalances differ between Cystic Fibrosis 
patients' upper and lower airway secretions. 
Hentschel J, Fischer N, Janhsen WK, Markert UR, Lehmann T, Sonnemann J, Böer K, 
Pfister W, Hipler UC, Mainz JG.J Cyst Fibros 2015, May:14(3): 324-33
90
. 
Bei Cystischer Fibrose liegt bei den meisten Patienten eine chronische Infektion mit 
chronischer Inflammationsreaktion vor. In vielen Arbeiten sind die überschießenden 
Immunreaktionen beschrieben, die zur Gewebszerstörung führen. Vor allem das Verhältnis 
von Protease und zugehöriger Antiprotease ist oft gestört (im Normalfall liegt es bei ca. 1:1), 
z.B. bei Neutrophilen-Elastase und SLPI
91
 oder MMP9 und TIMP1
92
, was zu verlängerter 
Protease-Aktivität und somit zur Schädigung des Gewebes führt. Diese Untersuchungen gab 
es bereits für die unteren Atemwege, aber nicht in Korrelation mit korrelierenden OAW-
Proben. 
Ausgehend von der Kohorte in der Publikation von Fischer et al., 2014 legten wir in der o.g. 
Arbeit daher unseren Schwerpunkt auf die Proteasen und entsprechenden Antiproteasen 
und vor allem deren Verhältnis zueinander im direkten Vergleich der beiden 
Atemwegsetagen. Wir konnten zunächst zeigen, dass sich die Anteile von PMNs und MNs an 
der Gesamtpopulation zwischen UAW und LAW nicht unterscheiden. Alle gemessenen 
Proteasen und Antiproteasen waren in der Lunge deutlich stärker exprimiert  als im 
Nasenraum. Wir konnten zeigen, dass in der Lunge eine deutliche Verschiebung des 
MMP9/TIMP1-Verhältnisses zugunsten der Protease gab (11,6-fach erhöht), während in den 
OAW nur eine 2,6fache Erhöhung nachweisbar war. Vice versa stellte sich die Situation bei 
NE/SPLI dar. Hier beobachteten wir in den OAW ein stärkeres Abweichen vom normalen 
Protease-Antiprotease-Verhältnis (740fach, in UAW nahezu 1 und damit normal). Diese 
Imbalancen korrelierten nicht mit der Besiedlung durch P. aeruginosa oder S. aureus. Wie 
auch schon in der Arbeit von Fischer et al., 2014 deuten diese Ergebnisse darauf hin, dass die 
beiden Atemwegsetagen unterschiedliche Abwehrstrategien und unterschiedliche 
immunologische Mechanismen nutzen. Antiproteasen werden bereits als Therapeutika 
eingesetzt. Mit dem Wissen dieser Studie kann man diese nun gezielter einsetzen, denn die 
Imbalancen sind nicht in allen Geweben gleich ausgeprägt. 
Fazit: Sowohl in den UAW als auch in den LAW zeigen sich verschiedene Protease-
Antiprotease-Imbalancen, die einen Ansatzpunkt für gezielte Immunmodulatoren sein 
können. UAW und OAW nutzen verschiedene Strategien zur Keimabwehr.
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Abstract
Background: Balanced levels of proteases and anti-proteases are essential in host defense systems. In CF patients' lungs, elevated protease/
anti-protease-ratios contribute to damage of airway tissue and premature death with the inherited disease. Little is known about upper airway
protease equilibrium in CF.
Methods: Neutrophil elastase (NE), Secretory leukocyte protease inhibitor (SLPI), matrix metalloproteinase (MMP)9, tissue inhibitors of
metalloproteinase (TIMP)1, cathepsin S (CTSS) and the corresponding cellular distribution were assessed in the nasal lavage (NL) and sputum of
40 CF patients.
Results: Concentrations of all proteases and anti-proteases were markedly higher in sputum than in NL (NE: 10-fold, SLPI: 5000-fold).
Interestingly, the NE/SLPI ratio was 726-fold higher in NL compared to sputum, while the MMP9/TIMP1 ratio was 4.5-fold higher in sputum
compared to NL.
Discussion: This first study to compare protease/anti-protease networks of CF upper and lower airways by NL and sputum reveals substantial
differences between both compartments' immunological responses. This finding may have implications for sinonasal and pulmonary treatment,
possibly leading to new therapeutic approaches.
© 2014 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
Keywords: Protease; Neutrophil elastase; SLPI; Cathepsin; Nasal lavage; Sinonasal; Lung
Abbreviations: BAL, bronchoalveolar lavage; BALF, bronchoalveolar lavage fluid; BOS, bronchiolitis obliterans syndrome; CF, Cystic Fibrosis; CRS, chronic
rhinosinusitis; CTSS, cathepsin S; ECM, extracellular matrix; IFN, interferon; IL, interleukin; LAW, lower airways; LTx, lung transplantation; MHC, major
histocompatibility complex; MMP, matrix metalloproteinase; MN, mononuclear; NE, neutrophil elastase; NLF, nasal lavage fluid; NL, nasal lavage; PMN,
polymorphonuclear; SLPI, secretory leukocyte protease inhibitor; TCC, total cell count; TIMP, tissue inhibitors of metalloproteinase; TNF, tumor necrosis factor;
UAW, upper airways; DTT, Dithiothreitol; PA−SA−, not colonized with P. aeruginosa or S. aureus; PA−SA+, not colonized with P. aeruginosa but with S. aureus;
PA+SA−, colonized with P. aeruginosa but not with S. aureus; PA+SA+, colonized with P. aeruginosa and S. aureus.
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1. Introduction
Equilibrated regulation of proteases and cytokines facilitates
effective host defense against pathogens without affecting host
tissues. In Cystic Fibrosis (CF), a common, recessively-inherited
disease in western countries, an imbalance of protease–
antiprotease networks in the airways contributes to tissue
injury and chronic progressive lung disease as primary reason
for premature death. The pathological vicious circle of
defective ion channel function, viscous mucus in the airways,
chronic bacterial infections, e.g. by gram-negative bacteria like
Pseudomonas (P.) aeruginosa and chronic inflammation, is a
hallmark of the disorder [1,2]. The resulting overexpression as
well as enhanced and prolonged activity is known for several
proteases in CF lower airways (LAW), whereas upper airways
(UAW) and paranasal sinuses were out of focus. Recent studies
provided evidence that upper airways and the paranasal sinuses
in particular can be sites of primary pathogen acquisition and
persistence [3,4].
The serine protease neutrophil elastase (NE) is released by
azurophilic granules of neutrophils stimulated by cytokines and
chemoattractants, especially interleukin 8 (IL8) and TNF [5]. As
an important host defense mechanism, NE cleaves cell surface
structures, especially the flagella of gram-negative bacteria like
P. aeruginosa [6]. NE can be detected in nasal secretions [7], and
elevated concentrations have been found in nasal secretions and
serum of non-CF patients with RSV infections [8]. In the lungs of
CF patients, NE is overexpressed and overactive in comparison to
healthy probands.
Interestingly, besides inactivating pathogens elevated NE levels
impair the innate and adaptive immune systems by cleavage of host
defense proteins like secretory leukoprotease inhibitor (SLPI) [9]
and tissue inhibitor of metalloproteinase (TIMP)1 [10] in the
airway surface liquid (ASL), Fig. S2. Additionally, NE cleaves T
cell surface receptors like CD2, CD4 and CD8. The activity of NE
is strictly controlled by a complex network of other proteases and
anti-proteases [11].Within the latter, the serine protease SLPI is the
major anti-protease of NE, especially in the upper respiratory tract
[12]. SPLI levels are found to be increased during infection or in
lungs of smokers. It is postulated that SLPI disrupts the microbial
cell membrane via its cationic charge and is therefore an important
player in host defense mechanisms against P. aeruginosa and
Staphylococcus (S.) aureus. Additionally, as anti-inflammatory
protein, SLPI decreases matrixmetalloproteinase (MMP)1 and 9
expressions in monocytes. SLPI itself is cleaved by proteases like
cathepsins and it also can be downregulated by cytokines like
IFNγ [9].
CTSS is a cysteine protease. Cathepsins are synthesized as
inactive zymogens and released by lysosomes after stimuli.
Cathepsins play an important role in immune responses against
microbiological pathogens. Furthermore, especially CTSS is
involved in major histocompatibility complex (MHC) class II
maturation and antigen presentation. CTSS also influences the
innate immunity of the lung. Surfactant protein A can be cleaved
by CTSS, which can impair antibacterial activity [13]. CTSS
cleaves and inactivates SLPI, which impairs inhibition of NE
activity by SLPI [14], Fig. S2. Additionally, CTSS plays a role in
extracellular matrix (ECM) degradation, which leads to lung
destruction and emphysema. Therefore, the development of
cathepsin inhibitors is an important target for new therapeutic
approaches [15]. There is very little knowledge about cathepsins
in CF. In the sputum of CF patients with chronic P. aeruginosa
infection, significant correlations between CTSS expression
levels and markers of inflammation like NE, IL8 and TNF were
observed [16]. To our knowledge, CTSS in the upper airways has
not been investigated.
MMP9 affiliates to a cluster of enzymes, which are involved in
physiological processes like embryological development and
tissue remodeling, due to breakdown of extracellular matrix
proteins like collagen and elastin [17]. In healthy organisms,
MMP function is strictly under the control of TIMPs. TIMP1
binds to both the precursor and active form of MMP9 in a ratio
of 1:1 and inhibits its activation [17]. In the sputum and
bronchoalveolar lavage (BAL) of CF patients, MMP9 levels
are reported to be elevated when compared to healthy controls
[18]. Furthermore, during acute exacerbations, MMP9 activity
is enhanced in CF patients, whereas TIMP1 is degraded and
therefore, the MMP9/TIMP1-ratio is elevated [19]. It is postulated
that NE cleaves and activates MMP9 and degrades TIMP1
[19,20], Fig. S2. In the upper airways,MMP9mRNAwas detected
in higher levels in non-CF patients with chronic rhinosinusitis
(CRS) with polyps compared to CRS without polyps, while
TIMP1 mRNA was not detected in either group [21]. MMP9/
TIMP1 levels were also investigated in nasopharyngeal secretions
of RSV-infected infants, but no correlation between exacerbation
and mediator levels was observed [22]. In vitro nasal epithelial
Table 1
Adapted from Fischer et al. [25].
Clinical characteristics (total n = 40)
Sex female 21 (52.2%)
Mean age, yrs 27 (5–72)
Mean FEV1, % pred. 68 (19–120)
Mean BMI ⁎ 21 (16.2–26.0)
Pancreatic insufficiency 31 (77.5%)
Diabetes 15 (37.5%)
Allergy in the patient's history 26 (65%)
Allergic rhinitis in the patient's history 18 (45%)
ABPA 3 (7.5%)
CRS (according to EPOS criteria) 14 (35%)
History of ENT surgery 19 (47.5%)
Chronic inflammation (elevated IgG) 17 (42.5%)
Acute inflammation (elevated CrP and ESR) 6 (15%)
Chronic colonization with P. aeruginosa
UAW 12 (30%)
LAW 18 (45%)




Inhaled steroids 20 (50%)
Topical steroids 13 (32.5%)
Azithromycin 23 (57.5%)
⁎ Mean calculated for adult study population, BMI calculated for patients
under 18 y (n = 9) according to Kromeyer-Hauschild, mean percentile 30.9
(3–90).
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cells revealed a higher constitutive release of MMP9 compared to
bronchial cells; however, nasal and bronchial cells showed
comparable responses to cytokine stimulation [23].
The present work analyzes the complex network of proteases
and antiproteases in non-invasively sampled material from CF
patients' concordant UAW, represented by nasal lavage (NL) and
LAW represented by sputum for the first time. Findings can be
relevant for CF and other diseases affecting different levels of the
airway system.
2. Materials and methods
2.1. Patients
40 patients (21 f/19 m) from the Jena University Hospital
CF Centre aged from 5 to 72 y (mean 27 y) were included. For
details, see Table 1. Samples were taken mainly during routine
CF outpatient care. Inclusion criteria were CF diagnosed by two
positive sweat tests and/or genotyping and clinical stability,
defined as the absence of an exacerbation according to Fuchs
criteria [24]. All patients or the patients' guardians gave their
written informed consent. The study was approved by the ethics
committee of the Jena University Hospital.
2.1.1. Nasal lavage (NL)
Nasal lavage with 10 mL of sterile isotonic NaCl per
nostril was administered as previously described [26]. NL
was centrifuged (10 min, 160 ×g, RT). The cell pellet was
resuspended in 100 μL fetal calf serum (FCS) and sent to
cytological analysis. Protease inhibitor (Protease Inhibitor Mix G,
Serva, Germany) was added to the supernatant and stored at
−80 °C [26].
2.1.2. (Induced) sputum
Sputum was collected by spontaneous coughing (n =
35/87.5%) or, if not possible, after induction by inhalation of
hypertonic saline (6% NaCl; n = 5/12.5%) and processed as
previously described [25,27]. In brief, sputum was 5-fold
diluted (w/v) with PBS and 4-fold diluted with 0.1% DTT.
After incubation sputum was filtered and centrifuged (10 min,
160 ×g, RT). Protease Inhibitor Mix G was added to the
supernatant and stored at −80 °C.
2.1.3. Microbiological analysis
Microbiological analyses were performed according to Euro-
pean standards [28]. Frequently detected microbes like coagulase
negative staphylococci or Corynebacteria were defined as normal
flora [25].
2.1.4. Cytological analysis
The analyses of total cell counts (TCCs) and the automated
cytological differentiation were performed using the Sysmex
XE-5000 hemocytometer (Sysmex, Norderstedt, Deutschland)
in the Body Fluid Mode. The cytological differentiation of 100
cells was done via microscope after preparing slides using the
cytospin method, followed by Pappenheim staining.
2.1.5. Immunological methods
2.1.5.1. Cytometric bead array and FACS analysis. Analysis
of MMP9 and TIMP1 was done using a cytometric bead array
(FlowCytomix, eBioscience) followed by flow cytometer (FACS
Calibur, BD) analysis, as described elsewhere [29].
2.1.5.2. ELISA. Amounts of CTSS, NE and SPLI were
determined using ELISA. For CTSS, 100 μL of NL and 100 μL
sputum (Dilution 1:100, diluted in sterile phosphate buffered
saline) were analyzed in duplicates using the cathepsin S ELISA
according to the manufacturer's instructions (USCN, China
No. E91933Hu). For NE, 100 μL NL and 10 μL of sputum
supernatant diluted in 90 μL sample diluent were analyzed
in duplicates using the Polymorphonuclear (PMN) Elastase
ELISA according to manufacturers' instructions (eBioscience,
No. BMS269). For SPLI 100 μL NL and 100 μL sputum
(Dilution 1:500, with sample diluent) were analyzed using the
SLPI ELISA according to the manufacturer's instructions (USCN,
China No. E91212Hu).
2.2. Statistical analysis
Evaluation of results was done using MS Excel and IBM
SPSS Statistics 19 and figures were created with GraphPad
Prism 5. Correlations for NE, CTSS, SLPI, MMP9 and TIMP1
were tested with Spearman's rho. Differences between groups
were evaluated using the Mann–Whitney U test. All P values
are given for two-sided tests; the level of significance was set at
5%. To improve the presentation of differences between NL




The total cell count resulted 37-fold higher in sputum
compared to NL (P N 0.0001; median 2525 cells/mL, range
106–60,520 cells/mL respective median 69 cells/mL, range
10–3343 cells/mL, Fig. 1A). At the same time, protein con-
centration was 9.2-fold elevated in sputum, compared to NL
(P N 0.0001, median 3.31 mg/mL, range 0.97–26.0 mg/mL,
respective median 0.36 mg/mL, range 0.15–1.19 mg/mL,
Fig. 1B). No differences were observed in cellular composi-
tion of both airway secretions. Median fraction of mononuclear
cells in NL was 15.80% (range 1.5–54.1%) and 19.1% in
sputum (range 4.9–71.5%, Fig. 1C). Accordingly, the propor-
tion of polymorphonuclear cells resulted in 84.2% by median
in NL (range 45.2–98.5%) and 79.6% (range 28.5–95.1%,
Fig. 1D) in sputum.
3.2. Inflammatory mediators
Median concentrations of analyzed proteases and anti-proteases
were significantly lower in NL compared to induced sputum
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(P b 0.0001). For further details, please refer to Table 2 and
Fig. 2A–E.
3.3. Correlation between pathogen colonization pattern and
inflammatory mediators
For LAW highest levels of TCC and PMN count were
observed in PA+/SA+ patients (Table 3). Interestingly, in patients
colonized only with S. aureus higher cell counts were observed
compared to the group with sole P. aeruginosa colonization.
For UAW lowest cell count levels were detected in patients
neither colonized with P. aeruginosa nor with S. aureus. At the
same time PMN count was increased with patients' coloniza-
tion status.
For UAW highest levels of MMP9 and TIMP1 were found
in the PA+/SA+ group. No differences were observed for NE,
SLPI and the protease/antiproteases ratios. In LAW no differ-
ences were found for levels of MMP9 and TIMP in regard to
pathogen colonization pattern. SLPI and CTSS reached highest
levels in PA+/SA+ patients. In contrast, lower NE concentrations
were observed in PA+/SA+ patients.
3.4. Correlations between cellular and soluble inflammatory
mediators
Nasal NE correlates positively with MMP9 (r = 0.513,
P = 0.001) and TIMP1 (r = 0.493, P = 0.001) in the same
compartment. Also, bronchial NE correlates with MMP9
(r = 0.336, P = 0.034) in the same compartment. Interesting-
ly, high bronchial NE is also associated with high nasal MMP9
(r = 0.433, P = 0.003) and nasal TIMP1 (r = 0.553, P b 0.0001).
Nasal MMP9 correlates with TIMP1 (r = 0.928, P b 0.001) of
Fig. 1. Total cell count was 37-fold higher in sputum compared to NL (A), while protein concentration resulted 9-fold higher in sputum (B). No differences were
observed in cellular composition of polymorphonuclear cells (PMN (C)) and mononuclear cells (MN (D)).
Table 2
Expression levels of analyzed parameters in NL and sputum.
CTSS NE SLPI MMP9 TIMP1
LAW UAW LAW UAW LAW UAW LAW UAW LAW UAW
Detection frequency (%) 98 80 100 93 93 100 100 100 98 80
Mean (ng/mL) 444.06 1.36 1421 101.8 426.46 0.128 620.18 46,87 92.09 15.16
Median (ng/mL) 388.16 1.33 625.0 70.77 618,71 0.119 551.70 23.36 17.35 3.48
SD 338.24 0.52 3636 109.1 252.31 0.09 376.40 38.54 170.19 16.94
Min (ng/mL) 0 0 0 3.0 48.95 0 35.10 0.95 0 0
Max (ng/mL) 1351.44 2.68 22,260 658.8 1439.52 0.55 1440 101 590 39
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the same compartment. Also, bronchial MMP9 correlates with
bronchial TIMP1 (r = 0.758, P b 0.001) (Fig. Supplement S1 A
and B). Furthermore, higher values for MMP9 in the lung
are associated with higher levels of nasal TIMP1 (r = 0.312,
P = 0.050). For LAW, we found a negative correlation between
TIMP1 and SLPI (r = −0.355, P = 0.058). Positive correlations
of TCC to MMP9, MPO, IL8, TIMP1 and NE were detected in
the UAW. Thereby we found a trend towards higher NE in
patients with higher PMN counts, which did not reach statistical
significance. Neutrophil number correlates positively with
the NE/SLPI ratio. For LAW no correlations to the measured
parameters were observed.
3.5. Correlations of cellular and soluble inflammatory mediators
to clinical parameters
We observed significantly positive correlations between
bronchial NE levels and sinonasal symptoms assessed with the
Sinonasal Outcome Test 20 (SNOT-20 scores) as well as to
history of allergy. At the same time pulmonary function
assessed by FEV1% and MEF75-25% did not correlate to nasal
or bronchial pathogen colonization or to nasal cytology.
Interestingly, there was a negative correlation between lung
function (FEV1%) and total cell and PMN counts. In UAW
cytological findings show the following correlations: nasal total
Fig. 2. For all analyzed proteases and antiproteases, values were significantly higher in sputum compared to NL with ranges from 10-fold for NE to 5000-fold
for SLPI. (A) NE = neutrophil elastase, (B) MMP9 = matrix metalloproteinase 9, (C) CTSS = cathepsin S, (D) SLPI = secretory leukoprotease inhibitor,
(E) TIMP1 = tissue inhibitor of metalloproteinases 1.
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cell count is lower in patients with CRS. The PMN count is
higher in patients with higher primary nasal symptoms in the
SNOT-GAV20 questionnaire.
3.6. Rates of agents with potential as proteases and antiproteases
in NL and IS
In the assessed nasal samples, median MMP9/TIMP1
ratio resulted 2.59 (range 1.02–31.73) compared to a
4.5-fold higher ratio in bronchial samples with a median of
11.57 (range 1.58–188.9, P b 0.0001) (Fig. 3A). NE/SLPI
ratio was 726-fold higher in NL compared to sputum
samples (P N 0.0001). In NLF, the median NE/SLPI ratio
was 740 (range 14-8460), compared to a median of 1.02 in
sputum (range 0-41) (Fig. 3B). The SLPI/CTSS ratio was
16-fold higher in the LAW compared to the UAW (median
LAW 1.33, range 0.4-5.0/UAW 0.08, range 0.013-0.34,
P b 0.0001) (Fig. 3C). For TIMP1/NE ratios in UAW and
LAW, there were no significant differences (0.05 in UAW, 0.03
in LAW: data not shown).
Table 3
Median expression levels of analyzed parameters and cytology in NL and sputum in regard to colonization status.
PA−SA− PA−SA+ PA+SA− PA+SA+ P-value*
Current colonization status
UAW (n) 16 13 9 2
LAW (n) 10 14 9 7
Cytology UAW
TCC (cells/mL) 52 (13–3343) 81 (10–3343) 69 (12–2982) 71 (58–84) n.s.
PMN % 77 (45.9–95.5) 85.5 (70.8–98.5) 86.75 (68.1–92.3) 90 (96.9–93.1) n.s.
MN % 23 (4.5–54.1) 14.5 (1.5–29.2) 13.75 (7.7–31.9) 10 (6.9–13.1) n.s.
Cytology LAW
TCC (cells/mL) 670 (297–6759) 2253 (106–9003) 1698 (632–9859) 3734 (2112–15,255) n.s.
PMN % 67.45 (50–90.4)* 80.1 (50–90.4) 78.6 (54.1–95.1) 90.05 (83.4–95.1)* 0.0178
MN % 32.55 (21–71.5)* 17.2 (9.6–50) 21.4 (4.9–45.9) 9.95 (4.9–16.6)* 0.0256
Median (range) PA−SA− PA−SA+ PA+SA− PA+SA+ P-value*
Mediators UAW
MMP9 (ng/mL) 35.13 (2.49–101) 26.62 (0.95–101) 13.87 (2.1–101) 52.97 (4.93–101) n.s.
TIMP1 (ng/mL) 10.70 (0–39) 4.640 (0.56–39) 2.00 (0–39) 20.42 (1.48–39) n.s.
NE (ng/mL) 77.81 (11.51–179.7) 107.1 (14.32–658.8) 67.61 (3–272.2) 90.99 (54.4–127.6) n.s.
SLPI (ng/mL) 0.124 (0-0.211) 0.105 (0-0.554) 0.159 (0.047-0.212) 0.114 (0.06-0.167) n.s.
CTSS (ng/mL) 1.470 (0–2.68) 1.180 (0.3–2.07) 1.180 (1.04–1.85) 1.475 (1.38–1.57) n.s.
MMP9/TIMP1 2.590 (1.19–27.60) 2.590 (1.02–31.73) 5.730 (1.8–11.90) 2.960 (2.59–3.3) n.s.
NE/SLPI 547 (96.9-1206) 1289 (78.8-8460) 368,99 (14.18-5778) 833 (764-902) n.s.
Mediators LAW
MMP9 (ng/mL) 657.8 (253.1–1440) 582.7 (35.1–1440) 485.4 (102.7–835.5) 461.5 (206.8–722.0) n.s.
TIMP1 (ng/mL) 31.39 (0–590) 14.25 (0–590) 23.30 (0–529.9) 9.70 (0–158.2) n.s.
NE (ng/mL) 745.0 (350–22,260) 650.0 (0–1639) 600.0 (0–2160) 250.0 (0–1050) n.s.
SLPI (ng/mL) 574.1 (403.55-14400) 569.87 (263.97-794.28)* 563.97 (48.85-1275) 769.04 (598.39-923.38)* 0.051
CTSS (ng/mL) 384.5 (0–973.7)* 303.3 (0–980.9) 318.1 (0–626.3) 749.9 (391.9–1351)* 0.0263
MMP9/TIMP1 14.11 (2.44–188.9) 10.34 (2.44–54.59) 9.019 (1.58–67.03) 37.59 (4.29–69.92) n.s.
NE/SLPI 1.61 (0.24-41) 1.11 (0-3.06) 0.88 (0-2.88) 0.33 (0.21-1.75) n.s.
* Groups with significant differences. PA−SA−: not colonized with P. aeruginosa or S. aureus; PA−SA+: not colonized with P. aeruginosa but with S. aureus; PA+SA−:
colonized with P. aeruginosa but not with S. aureus; PA+SA+: colonized with P. aeruginosa and S. aureus.
Fig. 3. Ratios of proteases and antiproteases: MMP9/TIMP1 (A) and SLPI/CTSS (C) ratios were elevated in the LAW compartment, while NE/SLPI ratio is 726-fold
higher in NL compared to sputum (B).
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4. Discussion
An equilibrated relation of proteases and antiproteases
is required for a balanced and effective immune defense
system. In contrast, CF lower airways had been shown to be
characterized by an excess of proteases that cause tissue
destruction and lung function decline [30]. Such protease–
antiprotease imbalances in the lung of CF patients develop in
early childhood [30], possibly even before pathogen coloniza-
tion of the airways [31].
The present study assesses relations between upper and
lower airway concentrations of proteases and their antagonists
(NE, SPLI, CTSS, MMP9 and TIMP1) for the first time. This
field is of special interest, as the upper airway's role in first and
persistent colonization of the CF airway system with pathogens
like P. aeruginosa is increasingly coming into clinical and
scientific focus [3,32]. In this regard, differences of upper and
lower airway defense mechanisms have been reported. For the
LAW these include a neutrophil-dominated host response with
elevated levels of e.g. interleukin (IL) 8, myeloperoxidase and
NE [33], compared to an IgA-dominated response in the UAW
[34]. For the present study cohort we observed higher levels for
MPO, IL1β, IL6 and IL8 in LAW than in nasal lavages. At the
same time we found a significant positive correlation between
pathogen colonization and concentrations of MPO and IL8 in
the LAW, but not for the UAW [25]. Interestingly, we observed
higher levels for all analyzed proteases and anti-proteases in
lower compared to upper airways. Mainly for LAW these
results accorded well to findings reported in literature. Very
few data are available for protease and anti-protease ratios in
the UAW (Table S1 Supplement). Thereby, the overall lower
values of inflammatory mediators in UAW cannot only be
substantiated to dilution effects. If dilution would be the reason
for the detected differences, the same relation between concen-
trations in the upper and lower airways would have been
observed for all mediators. In contrast the UAW/LAW relation
differs markedly between the mediators, e.g. resulting in 10-fold
higher levels for NE and 5000-fold higher levels for SLPI in the
LAW.
Most remarkably, the calculation of protease–antiprotease
ratios results in an inverse correlation in both airway levels:
whereas the MMP9/TIMP1 ratio is higher in the lung compared
to the sinonasal compartment (4.5-fold: 11.57/2.59), NE/SLPI
ratios were significantly higher in the upper than in the lower
airways (726-fold: 740/1.02). Moreover, we observed a 16-fold
higher value of SLPI/CTSS in LAW compared to UAW (1.33
vs. 0.08). This ratio fits well with the NE/SLPI relation. In this
context, Taggart et al. found that CTSS reduces the amount of
SLPI, leading to elevated levels of NE [14]. NE is able to
degrade TIMP1 in secretions of CF patients [19]. However, we
observed a positive correlation between TIMP1, NE and
MMP9. A positive feedback loop in the regulation of protein
expression can be hypothesized to reach the balance of
proteases and antiproteases in vivo. Furthermore, other
important proteases like Protease 3 or Cathepsin G and
antiproteases like Alpha-1 antitrypsin and the activity of
mediators were not assessed in our study.
In our cohort, colonization with specific pathogens affects
cytological findings, especially for the LAWwhere highest levels
of TCC and PMN count were observed in PA
+/SA+ patients
(Table 2). These findings underline the PMN-dominated host
response reported for the lower airways.
In the upper airways highest levels of MMP9, TIMP1, IL8
and MPO were detected in the group colonized with both,
S. aureus and P. aeruginosa. In the lower airways highest
levels of SLPI and CTSS were detected in the PA+/SA+ but a
negative correlation between pathogen colonization pattern and
NE or NE/SLPI was observed as we had shown previously for
MPO [25]. We attribute this to binding of MPO and NE to
neutrophil extracellular traps (NETs) [35]. Thereby, binding of
mediators to free DNA fibers around neutrophils achieves higher
mediator levels, which accords to a host defense mechanism to
infection with pathogens. Therefore, sputum preparation without
disruption of DNA might lead to lower levels of proteins which
potentially are bounded to NETs [25].
Altogether, our data give further links to the hypothesis of
differing upper and lower airway host defense mechanisms.
Interestingly, identification of specific inflammatory pattern
of different airway levels can be relevant regarding future
therapeutic concepts. These could include targeting NE as a
therapeutic approach, which is addressed in a series of studies
addressing the lower airways but to date not in upper airway
treatment: Synthetic, semi-synthetic and natural compounds
were analyzed in different phases of clinical trials [10]. In this
regard, the natural inhibitor of NE, SLPI is reported to make up
about 80–90% of anti-NE activity. Furthermore, SLPI itself has
a direct anti-inflammatory function, as it prevents activation of
NFkB and therefore it interrupts the proinflammatory cascade
towards IL1β, IL8 and IL6. However, we could not detect an
effect of high SLPI levels on the mentioned interleukin
concentration in our study cohort. Additionally, we recently
observed reduced IL1β levels in nasal lavage of CF patients treated
with azithromycin [36], a current anti-inflammatory standard
of long-term therapy in adults with chronic P. aeruginosa-
colonization [37]. Most interestingly, bronchopulmonary inhala-
tion of SPLI was shown to reduce NE in bronchoalveolar lavage
fluid of CF patients as shown by Vogelmeier et al. in 1996 [12].
Furthermore, recent in vitro experiments by Tanga et al.
applying engineered inhibitors of neutrophil serine proteases
reduced concentrations of the pro-inflammatory cytokines IL6
and IL8 in lung epithelial cells [38]. Our data suggest that
therapy with NE inhibitors like aerosolized recombinant SLPI
could be even more beneficial in the sinonasal compartment
when compared to LAW, due to more pronounced imbalances
of NE/SLPI in the UAW.
In this context, new approaches to deliver inhalative drugs into
paranasal sinuses have recently been published by our group:
whereas conventional aerosols do not reach paranasal sinuses
[39], vibrating aerosols can deposit drugs into this compartment
[40]. In a placebo-controlled trial, sinonasal inhalation of the
mucolytic dornase alfa was shown to effectively reduce sinonasal
symptoms of CF patients with chronic rhinosinusitis [41]. This
new method also has the potential to reduce or even eradicate
bacterial colonization of the sinuses [4,42]. Other current studies
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in this field show that SPLI can be cleaved by other cathepsins or
NE, which might be overcome by the use of nanoparticles [43].
Interestingly, LAW treatment with rhDNAse was shown to
release NE from NETs [43]. Therefore, simultaneous treatment
with different anti-inflammatory compounds could be suitable to
prevent airway tissue destruction.
Otherwise, our findings suggest that inhibition of MMP9
could be more effective in the lower than in the upper airways.
Whereas in our cross sectional setting, MMP9/TIMP1-relation
did not correlate to clinical parameters (e.g. lung function
measurements), this correlation possibly can be found in
longitudinal studies, together with correlations to the Lung
Clearance Index. This novel tool allows detection of impaired
distribution of ventilation in CF patients who still have normal
forced expiratory volumes [44].
In regard to longitudinal studies, Sagel and Bergin reported a
correlation of lung function decline to bronchial MMP9 levels
[17,45] assessed by sputum. In concordance with Sagel [17], no
correlation of MMP9 concentration and airway infection with
P. aeruginosa or S. aureus was observed in our study. In
contrast, pathogens found in sputum of our cohort were associated
with lower LAW TIMP1 levels (r = −0.319, P = 0.051). We
observed lower levels of nasal TIMP1 in patients with chronic
inflammation (r = −0.366, P = 0.022). Moreover, a tight
correlation between MMP9 and TIMP1 was found in upper as
well as lower airways (Fig. S1). This finding is reported for the
first time for the upper airways in the present publication,
whereas such a correlation is well known for the lower airways
[17].
Nasal NE concentration correlates with nasal MMP9, a
finding that we also detected for lower airway secretions. A
correlation of NE and MMP9 was also seen by Mocchegiani et
al. in the LAW of COPD patients [46]. In the network of
inflammatory mediators, NE cleaves and activates MMP9 [19].
From a therapeutic perspective, LAW MMP9 can be targeted
by the inhibitor SC080, which has been shown to reduce MMP
levels and bronchiolitis obliterans syndrome (BOS) after lung
transplantation (LTx) [47]. This approach could reduce chronic
rejection after LTx, a pathology characterized by BOS. Recently,
doxycycline was shown to inhibit MMP9 and IL8 release from
lung epithelial cells [48]. It would be interesting to investigate
changes in nasal and bronchial MMP9 levels in patients receiving
doxycycline treatment. Therapy with a natural inhibitor like SLPI
for NE is not described for MMP9 and TIMP1.
We observed no correlation between CTSS and SLPI,
which could be expected as CTSS cleaves and inactivates
SLPI. Furthermore, no correlation was seen between SLPI and
NE. Again, associations could be found if the enzymatic activity
would be measured in consecutive studies and will provide
further insights about the functional relevance of the reported
findings.
An increased protease–antiprotease ratio also has been
observed in the nasal mucosa of asthmatics. Proteolytic activity
in nasal mucosa further enhanced if asthmatic patients were
infected with influenza virus [49]. Also, for the lower airways,
an association between virus infection and elevated MMP
levels was detected which correlated to disease severity [50].
As a limitation, suitable standard ‘housekeeping’ markers
for normalization are lacking for nasal lavage fluid analysis
as well as they are lacking for BALF [51]. In both, different
parameters like total cell count, protein- or urea concentrations
did not fulfill criteria for a housekeeping factor as permeability
of epithelial membranes changes with infection and inflam-
mation. This hampers the inter-study comparability of results
from BAL and as it does for NL. Possibly, our calculation of
protease/antiprotease ratios can to some extent compensate for
this handicap.
5. Conclusion
We observed differences in the protease–antiprotease ratios
of MMP9/TIMP1, NE/SLPI and SLPI/CTSS between the upper
and lower airway levels. Our data support the hypothesis of
differing host defense mechanisms and different grades of
tissue deterioration resulting from deregulation of protease–
antiprotease ratios in both airway levels. This can open doors for
new therapeutic approaches adapted to each airway compart-
ments' immunological specifics. Measurement of protease
activity would provide more information about functional
relevance of the described findings and therefore of high
interest in future projects.
Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.jcf.2014.09.003.
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P U B L I K A T I O N E N  
2.3.3 Colonization of CF patients' upper airways with S. aureus contributes 
more decisively to upper airway inflammation than P. aeruginosa. 
Janhsen WK, Arnold C, Hentschel J, Lehmann T, Pfister W, Baier M, Böer K, Hünniger 




Während für die vorangegangenen Arbeiten einmalig zu einem Zeitpunkt Proben von 
bestimmten Patienten gewonnen und untersucht wurden, umfasste eine große 
Analysenzahl, für die über 300 NL-Proben von 74 Patienten über 3 Jahre gesammelt wurden. 
Für alle Patienten wurden mikrobiologische und immunologische Analysen durchgeführt. 
Zusätzlich war der Besiedlungsstatus für die unteren Atemwege erhoben worden. Erstmalig 
hatten wir Zugang zu longitudinalen mikrobiologischen Daten aus den oberen Atemwegen 
von einem breiten Patientenspektrum. Ca. 40 bzw. 45 % der Patienten hatten eine 
chronische Besiedlung mit S.aureus, 20 bzw. 36 % der Patienten waren in den OAW bzw. 
UAW dauerbesiedelt mit P. aeruginosa, 19 % in beiden Etagen. 5 bzw. 10 % zeigten in den 
OAW bzw. UAW sowohl eine chronische P. aeruginosa- als auch S. aureus-Besiedlung. 
Außerdem konnten wir zum ersten Mal zeigen, dass vor allem die Besiedlung mit S. aureus 
zu erhöhten Werten aller untersuchter Mediatoren mit Ausnahme von TIMP1 führte, vor 
allem, wenn beide Etagen betroffen waren, aber auch bei OAW-Besiedlung allein.  
CF-Patienten mit chronischer P. aeruginosa-Besiedlung werden häufig anti-inflammativ mit 
dem Antibiotikum Azithromycin behandelt, ohne dass es bislang für die oberen Atemwege 
Beweise der Wirksamkeit gab. Interessanterweise zeigten behandelte Patienten signifikant 
niedrigere Werte für die Inflammationsmarker NE, IL-1ß und IL-8. 
 
Fazit: Entgegen der gängigen Meinung, dass vor allem P. aeruginosa starke 
Immunreaktionen in den Geweben hervorruft, scheint für die OAW vor allem eine S.aureus-
Besiedlung ein potenterer Virulenzfaktor zu ein. Ein antiinflammatorischer Effekt einer 




Med Microbiol Immunol (2016) 205:485–500
DOI 10.1007/s00430-016-0463-0
ORIGINAL INVESTIGATION
Colonization of CF patients’ upper airways with S. aureus 
contributes more decisively to upper airway inflammation  
than P. aeruginosa
Wibke Katharina Janhsen1 · Christin Arnold1 · Julia Hentschel1,2 · 
Thomas Lehmann3 · Wolfgang Pfister4 · Michael Baier4 · Klas Böer5 · 
Kerstin Hünniger6,7 · Oliver Kurzai6,7 · Uta-Christina Hipler8 · Jochen Georg Mainz1 
Received: 28 January 2016 / Accepted: 20 June 2016 / Published online: 4 July 2016 
© Springer-Verlag Berlin Heidelberg 2016
(LAW), as well as serological and clinical findings, were 
compiled. Our results indicate that UAW colonization 
with S. aureus significantly impacts the concentration of 
all measured inflammatory mediators in NL fluid except 
TIMP-1, whereas these effects were not significant for P. 
aeruginosa. Patients with S. aureus colonization of both the 
UAW and LAW showed significantly increased concentra-
tions of IL-1β, IL-6, IL-8, MMP-9, and slightly elevated 
concentrations of NE in NL fluid compared to non-colo-
nized patients. This work elaborates a survey on S. aureus’ 
virulence factors that may contribute to this underestimated 
pathology. Serial assessment of epithelial lining fluid by 
NL reveals that colonization of the UAW with S. aureus 
contributes more to CF airway inflammatory processes than 
hitherto expected.
Keywords Cystic fibrosis · Nasal lavage · Inflammation · 
Staphylococcus aureus
Abbreviations
A. xylosoxidans  Achromobacter xylosoxidans
CF  Cystic fibrosis
CRP  C-reactive protein
Abstract In cystic fibrosis (CF) patients’ airways, inflam-
matory processes decisively contribute to remodeling and 
pulmonary destruction. The aims of this study were to 
compare upper airway (UAW) inflammation in the context 
of Staphylococcus aureus and Pseudomonas aeruginosa 
colonization in a longitudinal setting, and to examine fur-
ther factors influencing UAW inflammation. Therefore, we 
analyzed soluble inflammatory mediators in noninvasively 
obtained nasal lavage (NL) of CF patients together with 
microbiology, medication, and relevant clinical parameters. 
NL, applying 10 mL of isotonic saline per nostril, was seri-
ally performed in 74 CF patients (326 samples). Concen-
trations of the inflammatory mediators’ interleukin (IL)-1β, 
IL-6, IL-8, matrix metalloproteinase (MMP)-9, and its 
anti-protease TIMP-1 were quantified by bead-based mul-
tiplexed assay, neutrophil elastase (NE) via ELISA. Cul-
ture-based microbiology of the upper and lower airways 
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CRS  Chronic rhinosinusitis
Ig  Immunoglobulin
IL  Interleukin
LAW  Lower airways
MMP  Matrix metalloproteinase
MRSA  Methicillin-resistant Staphylococcus 
aureus
MSSA  Methicillin-sensitive Staphylococcus 
aureus
NE  Neutrophil elastase
NL  Nasal lavage
NLF  Nasal lavage fluid
P. aeruginosa  Pseudomonas aeruginosa
PA  Pseudomonas aeruginosa non-mucoid
PAM  Pseudomonas aeruginosa mucoid
S. aureus  Staphylococcus aureus
S. maltophilia  Stenotrophomonas maltophilia
TIMP  Tissue inhibitor of metalloproteinases
UAW  Upper airways
Introduction
In cystic fibrosis (CF), the absence or the functional defi-
ciency of the transmembrane conductance regulator 
(CFTR) protein in epithelial and non-epithelial membranes 
leads to abnormal electrolyte and fluid excretion from cells, 
affects the regulation of other ion channels, and hampers 
cell signaling and trafficking processes [1, 2]. The upper 
airways (UAW), comprising the nasal ostium, the nasal 
cavity, and the paranasal sinuses, are also affected by the 
underlying pathological mutation in the CFTR gene. Clini-
cally, this becomes apparent in symptoms such as chronic, 
partly polypous rhinosinusitis with symptoms including 
nasal congestion, anterior and posterior nasal drip, facial 
pain, hypo- or anosmia as well as secondary restricted 
quality of life and resilience. Mechanical or functional 
obstruction of the ostiomeatal unit and recurrent bacterial 
infections provoke sinus hypoventilation and congestion 
of the sinus drainage pathways, thus further aggravating 
mucostasis and impaired mucociliary clearance. Hereby, a 
hypoxic, acidotic, nutrient-rich microenvironment devel-
ops, which provides optimal conditions for bacterial colo-
nization, adaption, and infection [3, 4]. Recurrent and 
chronic bacterial infections with reactive mucosal hyper-
secretion, inflammation, and edematous swelling, in turn, 
propel sinus obstruction.
Affirming the hypothesis of a one-airway system, 
numerous studies provide evidence that the bidirectional 
connection between the upper and lower airways via oro-
pharynx and trachea allows an interchange of microorgan-
isms between the lung and nose (postnasal drip, micro-
aspiration, cough clearance, and ecologic factors) [4–11]. 
Isolated pathogen eradication in the lungs at least partially 
appears to be followed by bacterial re-colonization origi-
nating from a reservoir in the paranasal sinuses [4, 9, 11–
13]. This underlines the need to take both upper and lower 
airway colonizations into account.
Exaggerated inflammatory conditions decisively contrib-
ute to progressive airway remodeling processes, the latter 
having severe effects on CF patients’ outcome. Progressive 
lung damage by chronic bacterial infections and inflamma-
tion is causative for 80–85 % of respiratory failure and pre-
mature deaths in CF [14, 15]. Preliminary cross-sectional 
studies of our team suggested that Staphylococcus aureus 
might play a more prominent role in UAW inflammation 
than commonly expected [16, 17]. This could be relevant: 
If S. aureus is a strong trigger for airway inflammation, this 
will result in a need to rethink therapeutic strategies against 
S. aureus in CF patient care.
However, data on the impact of S. aureus on CF patients’ 
outcome are controversial. Recent investigations by Junge 
et al. showed that patients with persistent nasal carriage 
of S. aureus experience a milder course of disease as they 
display a better lung function than non-carriers (S. Junge 
et al. 2015, submitted for publication). Likewise, coloni-
zation with S. aureus in CF adults might be a marker of 
milder lung disease as these patients displayed lower rates 
of CRP and pulmonary exacerbations compared to patients 
only colonized with Pseudomonas aeruginosa [18]. How-
ever, several studies provide evidence that S. aureus might 
be an important pathogen by boosting airway inflamma-
tion, fostering the establishment of other pathogens, and 
contributing to disease progression in particular in young 
CF patients [19–21]. Besides malnutrition, airway infec-
tion with S. aureus seems to be one contributory factor for 
premature mortality of CF patients in the pre-antibiotic era 
[22]. Recently, the significance of S. aureus in CF has been 
reviewed by Wong et al. [23].
Although the nasal compartment is considered to be 
an ecological niche for S. aureus, S. aureus appears to be 
one principal stimulus in the development of severe UAW 
disease in both CF- and non-CF-related CRS [24–26]. 
Moreover, CF patients with UAW colonization with S. 
aureus reveal a 25-fold increased likelihood for pulmonary 
S. aureus colonization [16]. Once acquired in the LAW, S. 
aureus frequently persists in lungs of CF patients despite 
antibiotic intervention [24].
In order to clarify the influence of S. aureus on UAW 
inflammation, we analyzed soluble inflammatory mediators 
in serially obtained nasal lavage fluid (NLF) from a large 
cohort of CF patients with respect to microbiology, medica-
tion, and relevant clinical parameters. Nasal lavage (NL) is 
a noninvasive method to assess the microbiological status 
and to examine inflammatory profiles of the UAW includ-
ing the middle meatus and maxillary sinus [27, 28].
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Diagnosis of CF was based on either genotyping or two 
positive sweat tests (>60 mmol/L) in all patients. Within a 
period of over 3 years (08/2010–12/2013), samples were 
collected from CF patients during routine outpatient visits, 
when patients were hospitalized or when respiratory con-
ditions required interim consultation at the Cystic Fibrosis 
Center Jena, Germany. Inclusion criterion was the presence 
of at least two NLF samples with a minimum time inter-
val of 1 month. Acute pulmonary exacerbation, intravenous 
antibiotic treatment, and special immunological conditions 
like allergic bronchopulmonary aspergillosis and history 
of transplantation did not lead to exclusion but to sepa-
rate data analysis. We collected relevant details on medi-
cation, comorbidities, as well as microbiological findings 
in the UAW and LAW. General clinical characteristics of 
the study population are shown in Tables 1 and 2. Written 
informed consent from the patients or their guardians was 
obtained. The study was approved by the Ethics Committee 
of Jena University Hospital, Germany. The study is regis-
tered on ClinicalTrials.gov (NCT00803881). 
Nasal lavage
For this study, NL was conducted as previously described 
[13]. Briefly, 10 mL of sterile isotonic saline was instilled 
into each nostril while sealing the soft palate and holding 
the head slightly tilted backwards. After 10 s, the subjects 
bent forward and gently rinsed NLF into a sterile specimen 
cup. Immediately or at the latest within 2 h after collection, 
native NLF samples were decanted in reaction tubes and 
kept frozen at −75 °C for subsequent analysis. If kept up 
for 2 h, NLF samples were stored at 4 °C. Prior to analyses, 
NLF samples were centrifuged at 1000 rpm for 10 min.
Inflammatory mediator analysis
The concentrations of the soluble inflammatory media-
tors interleukin (IL)-1β, IL-6, IL-8, matrix metalloprotein-
ases (MMP)-9, and tissue inhibitor of metalloproteinases 
(TIMP)-1 were quantified via bead-based multiplexed assay 
(xMAP® Luminex; Austin Texas, USA). Neutrophil elastase 
(NE) levels were measured by enzyme-linked immuno-
sorbent assay. For both, the determination of inflammatory 
mediator concentrations was carried out in accordance with 
the manufacturers’ instructions. Samples below the mini-
mal detection limit (IL-1β: 28/326 samples; IL-6: 19/326 
samples; MMP-9: 1/326 samples; TIMP-1: 2/326 samples) 
were assigned to the half of the assays’ minimum detection 
limit. In five NLF samples, the concentration of MMP-9 
was above the saturation curve’s limit; however, further 
dilution series could not be replicated due to insufficient 
sample volume. For these samples, the maximum concen-
tration of the patient series’ saturation curve plus 0.1 ng/mL 
was calculated.
Analyses of IL-1β, IL-6, IL-8, MMP-9, and TIMP-1 
were determined by using Milliplex® MAP Kits (Human 
High-Sensitivity HS TCMAG-28K, Human MMP Panel 2 
HMMP2MAG-55K, Human TIMP Panel 1 HTMP1MAG-
54K, all Merck Millipore; Darmstadt, Germany). Analysis 
of fluorescence data was performed by Bio-Plex®200 sys-
tem (Bio-Rad; Hercules, California, USA). NLF samples 
were used undiluted for all parameters and were carried out 
in single assays. In some cases, for TIMP-1 and MMP-9, 
measurement repetition with assay buffer diluted samples 
was required to increase the dynamic range of the assay. 
In these instances, patient’s sample series were rerun com-
pletely with the chosen dilution factor. As specified by the 
manufacturer, detection limits were 0.12 pg/mL (IL-1β), 
0.13 pg/mL (IL-6), 0.12 pg/mL (IL-8), 4.0 pg/mL (TIMP-
1), and 2 pg/mL (MMP-9), respectively.
Human PMN Elastase ELISA (DEH3311, Demeditec 
Diagnostics GmbH; Kiel, Germany) was used to quantify 
NE levels. NE concentration was read out by FLUOstar 
Galaxy spectrometer (BMG LABTECH GmbH; Offen-
burg, Germany). NLF samples were used undiluted, and 
measurements were taken in technical duplicates. Detec-
tion limit for NE was 0.2 ng/mL.
Microbiology analysis
Microbiological analyses of upper (NL, nasal swab) and 
lower respiratory tract specimens (deep oropharyngeal 
swab, sputum, bronchoalveolar lavage) were performed 
according to the German and European standards [29]. Air-
way colonization status of both the UAW and LAW with S. 
aureus and P. aeruginosa was determined using modified 
criteria by Lee et al. [30]: Colonization status was defined 
as (1) chronic if more than half of the annual number of 
UAW and LAW samples were positive; as (2) intermittent 
if at least one but less than the half of the annual number of 
UAW and LAW samples were positive; and as (3) free if all 
samples that have been taken within 1 year were negative 
for S. aureus or P. aeruginosa. Minimum criterion for the 
classification of the colonization status was the presence 
of at least three annual microbiological samples per airway 
compartment. Online Resource Table S1 gives a detailed 
breakdown of colonization status per patient, year, and air-
way compartment.
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Table 1  Patient characteristics
A. fumigatus, Aspergillus fumigatus; ABPA, allergic bronchopulmonary aspergillosis; P. aeruginosa, Pseu-
domonas aeruginosa; S. aureus, Staphylococcus aureus
a at the end of recruitment (12/2013)
b based on a patient’s median during the study period [classification of adult underweight, overweight, and 
normal weight according to the international body mass classification (WHO, 2000), classification for chil-
dren is based on body mass index percentiles (Kromeyer-Hauschild 2001)]
c specific IgE with CAP classes 3–6 for aeroallergens except fungal allergens
d specific IgE against A. fumigatus, rAsp 2/4/6 with CAP classes 3–6 or positive IgG precipitants against 
A. fumigatus > 60 mg/L
Variable Frequency (N = 74)
Gender
 Male 38/74 (51.4 %)
 Female 36/74 (48.7 %)
CFTR genotype
 delta F508/delta F508 34/74 (46.0 %)
 delta F508/other 34/74 (46.0 %)
 Other/other 6/74 (8.1 %)
Age (yrs)a
 6–15 19/74 (25.7 %)
 16–25 20/74 (27.0 %)
 26–35 29/74 (39.2 %)
 > 35 6/74 (8.1 %)
 Dropouts: patients who died during study period 4/74 (5.4 %)
Nutrimental statusb
 Overweight 3/72 (4.2 %)
 Underweight 18/72 (25.0 %)
Colonization status of S. aureus (MSSA/MRSA)a
 UAW intermittent 14/66 (21.2 %)
 LAW intermittent 15/69 (21.7 %)
 UAW chronic 27/66 (40.9 %)
 LAW chronic 31/69 (44.9 %)
 LAW and UAW chronic 24/66 (36.4 %)
Colonization status of P. aeruginosa (PA/PAM)a
 UAW intermittent 18/66 (27.3 %)
 LAW intermittent 15/69 (21.7 %)
 UAW chronic 13/66 (19.7 %)
 LAW chronic 25/69 (36.2 %)
 LAW and UAW chronic 12/66 (18.2 %)
Chronic co-colonizationa
 UAW P. aeruginosa (PA/PAM) and S. aureus (MSSA/MRSA) 3/66 (4.6 %)
 LAW P. aeruginosa (PA/PAM) and S. aureus (MSSA/MRSA) 7/69 (10.1 %)
Secondary diagnoses
 Exocrine pancreatic insufficiency 68/74 (91.9 %)
 CF-related diabetes mellitus (CFRD) 23/74 (31.1 %)
 Chronic rhinosinusitis (CRS) 37/74 (50.0 %)
 Aeroallergen sensitization excl. fungal allergensc 9/74 (12.2 %)
 Allergic sensitization to A. fumigatus allergensd 42/70 (60.0 %)
 Seropositive ABPA (IgE > 500 kU/L and CAP class 3–6) 9/70 (12.9 %)
 History of transplantation (lung and/or liver) 7/74 (9.5 %)
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Statistical analysis
Data evaluation was performed using IBM SPSS Statistics 
23 (IBM Corporation; Armonk, NY, USA) and Microsoft 
Excel 2013 (Microsoft Corporation; Redmond, USA). 
Microbiological and clinical data were assigned to the 
time of NLF sampling on a weekly basis. In case of mul-
tiple measurements per week, the median of the parameter 
was used for calculation. Data were analyzed using a linear 
mixed model with random intercept to account for serial 
measurements on patients. Microbiological, clinical, and 
patient characteristics were modeled as fixed effects. The 
concentrations of inflammatory mediators were adjusted 
to normal distribution by decadic log-transformation. For 
each inflammatory target parameter, a univariate pre-analy-
sis was prepended to investigate whether and how different 
microbiological, clinical, and patient characteristics affect 
the respective inflammatory mediators in NLF over time. 
All parameters, which showed a significant influence in 
univariate pre-analysis, were included in the linear mixed 
model with random intercept to minimize confounders 
and thus to ascertain the best model calculation for each 
inflammatory mediator in NLF (Table 3). Interrelated vari-
ables with redundant information were not tested together 
to prevent the effects of multicollinearity. Unless otherwise 
specified, all following statements refer to calculation of 
the linear mixed model. The level of significance was set at 
a P value less than or equal to 0.05.
In order to investigate whether UAW inflammatory 
mediators in different categories of a parameter vary sig-
nificantly from each other, pairwise comparisons among 
categories were performed. Simultaneously, univariate tests 
were carried out to clarify whether the estimated marginal 
means of a parameter’s categories are significantly differ-




Analysis of data includes 326 NLF samples from 74 CF 
patients with a median of 4 NLF per measurement series 
(range 2–10). The patient group showed an approximately 
balanced sex ratio (38m/36f), and the median age at inclu-
sion was 25 years (mean 24.1, range 8–73, SD 10.8). 34/74 
(46.0 %) patients were homozygous for the most common 
Table 2  Patient characteristics
BMI, body mass index; CRP, C-reactive protein; FEF25–75, forced expiratory flow at 25–75 % vital capac-
ity; FEV1, forced expiratory volume in 1 s; SD, standard deviation
a at the end of recruitment (12/2013)
b based on a patient’s median during the study period
Variable Frequency (N = 74) Mean Median ± SD Range
Age (yrs)a 74/74 (100.0 %) 24.1 25.0 ± 10.8 8.0–73.0
Lung functionb
 FEV1 (% pre-
dicted)
71/74 (96.0 %) 77.2 85.1 ± 31.6 19.6–136.4
 FEF25–75 (% 
predicted)
71/74 (96.0 %) 57.4 62.4 ± 36.3 7.2–130.1
Nutrimental statusb
 BMI (percentile) 29/30 (96.7 %) 35.0 32.5 ± 29.5 1.0–99.0
 BMI (kg/m2) 43/44 (97.7 %) 20.3 20.5 ± 2.6 15.6–25.9
Inflammationb
 NE (ng/mL) 74/74 (100.0 %) 321.9 298.7 ± 220.6 20.4–1232.3
 IL-1β (pg/mL) 74/74 (100.0 %) 3.4 2.1 ± 5.4 0.1–36.1
 IL-6 (pg/mL) 74/74 (100.0 %) 13.4 10.7 ± 11.9 0.1–92.4
 IL-8 (pg/mL) 74/74 (100.0 %) 272.1 195.2 ± 265.0 45.5–1812.4
 MMP-9 (ng/mL) 74/74 (100.0 %) 15.2 6.4 ± 26.1 0.6–147.8
 TIMP-1 (ng/mL) 74/74 (100.0 %) 6.4 5.7 ± 3.5 0.5–17.3
Laboratoryb
 CRP (mg/L) 67/74 (90.5 %) 14.1 3.3 ± 31.5 1.0–197.8
 Fibrinogen (g/L) 67/74 (90.6 %) 3.1 2.9 ± 0.8 1.6–6.0
 Total IgE (kU/L) 65/74 (87.8 %) 178.9 62.1 ± 298.3 1.0–1770.5
 Total IgG (g/L) 64/74 (86.5 %) 13.3 12.2 ± 6.3 3.5–47.2
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Table 3  Parameter estimates (multivariate analysis)
Estimates of individual parameters, their standard error, and confidence interval give detailed information on the effects on the dependent vari-
ables. Parameter estimates indicate the number of unit change in the dependent variable per unit change in the independent variable. Significant 
parameter estimates are highlighted in bold type in the table
CI, confidence interval; FEF25–75, forced expiratory flow at 25–75 % vital capacity; FEV1, forced expiratory volume in 1 s; H. influenzae, 
Haemophilus influenzae; S. aureus, Staphylococcus aureus; SE, standard error; +, colonization with S. aureus; −, no colonization with S. aureus
Dependent variable Parameter Parameter estimates P value SE 95 % CI
Low High
NE log (ng/mL) Constant term 2.22 <0.001 0.06 2.10 2.35
Treatment with azithromycin: no 0.15 0.033 0.07 0.01 0.28
Colonization status S. aureus (MSSA/MRSA)
 UAW+/LAW+ 0.15 0.010 0.06 0.04 0.26
 UAW−/LAW+ 0.03 0.709 0.07 −0.12 0.17
 UAW+/LAW− 0.19 0.057 0.10 −0.01 0.39
 UAW−/LAW−
LAW colonization with enterobacteria: no −0.10 0.068 0.05 −0.20 0.01
IL-1β log (pg/mL) Constant term 0.18 0.520 0.29 −0.38 0.75
Treatment with inhaled antibiotics: no 0.04 0.696 0.09 −0.15 0.22
Treatment with azithromycin: no 0.31 0.014 0.12 0.06 0.55
S. aureus (MSSA/MRSA) in UAW and LAW
 UAW+/LAW+ 0.28 0.003 0.09 0.10 0.47
 UAW−/LAW+ 0.02 0.870 0.12 −0.21 0.25
 UAW+/LAW− 0.42 0.018 0.18 0.07 0.77
 UAW−/LAW−
UAW colonization with H. influenzae: no −0.19 0.257 0.17 −0.51 0.14
Age (yrs) −0.01 0.087 0.01 −0.02 0.00
FEV1 % predicted 0.00 0.507 0.00 0.00 0.01
IL-6 log (pg/mL) Constant term 0.59 <0.001 0.13 0.32 0.85
S. aureus (MSSA/MRSA) in UAW and LAW
 UAW+/LAW+ 0.26 0.002 0.08 0.10 0.42
 UAW−/LAW+ 0.14 0.164 0.10 −0.06 0.35
 UAW+/LAW− 0.34 0.037 0.16 0.02 0.67
 UAW−/LAW−
FEV1 % predicted 0.00 0.161 0.00 0.00 0.01
FEF25–75 % predicted 0.00 0.700 0.00 −0.01 0.00
IL-8 log (pg/mL) Constant term 2.51 <0.001 0.16 2.18 2.83
Treatment with azithromycin: no 0.14 0.042 0.07 0.00 0.27
S. aureus (MSSA/MRSA) in UAW and LAW
 UAW+/LAW+ 0.22 <0.001 0.06 0.11 0.34
 UAW−/LAW+ 0.05 0.525 0.07 −0.10 0.19
 UAW+/LAW− 0.35 0.003 0.11 0.12 0.57
 UAW−/LAW−
UAW colonization with H. influenzae: no −0.29 0.007 0.11 −0.51 −0.08
Age (yrs) −0.01 0.067 0.00 −0.01 0.00
FEV1 % predicted 0.00 0.488 0.00 0.00 0.01
FEF25–75 % predicted 0.00 0.714 0.00 0.00 0.00
MMP-9 log (pg/mL) Constant term 3.62 <0.001 0.12 3.39 3.85
Treatment with azithromycin: no 0.20 0.067 0.11 −0.01 0.41
Treatment with nasal steroids: no −0.18 0.067 0.10 −0.38 0.01
S. aureus (MSSA/MRSA) in UAW and LAW
 UAW+/LAW+ 0.34 0.001 0.10 0.15 0.53
 UAW−/LAW+ 0.02 0.891 0.12 −0.23 0.26
 UAW+/LAW− 0.22 0.202 0.18 −0.12 0.57
 UAW−/LAW−
93Seite 93
491Med Microbiol Immunol (2016) 205:485–500 
1 3
CFTR mutation delta F508 or compound heterozygous for 
the CFTR mutation delta F508, respectively, whereas 6/74 
(8.1 %) patients carried other genotypes. 68/74 (91.9 %) 
patients suffered from exocrine pancreas insufficiency, and 
37/74 (50.0 %) patients were affected by CRS according 
to the EPOS criteria [31]. Lung function testing during the 
study period yielded a median forced expiratory volume 
in 1 s percent (FEV1 %) predicted of 85.1 % (mean 77.2, 
range 19.6–136.4, SD 31.6). Patients received oral azithro-
mycin and inhaled colistin, tobramycin, or aztreonam as 
chronic maintenance treatment according to the current 
standards of care. 80/326 (32.5 %) NLF samples from 42 
patients were collected during treatment with intravenous 
antibiotics with different coverage of pseudomonal and 
staphylococcal colonization. None of the patients were 
medicated with CFTR modulators. The descriptive charac-
teristics of the patients are displayed in Tables 1 and 2.
UAW inflammation
Concentrations of NE, IL-1β, IL-6, IL-8, MMP-9, and 
TIMP-1 were detectable in all patients. Levels of inflam-
matory mediators were analyzed with respect to the patho-
gen colonization status of the UAW and LAW and relevant 
clinical parameters. For detailed information, see Table 2.
Microbiological analysis
To define the colonization status of the UAW and LAW 
with P. aeruginosa and S. aureus, all microbial findings 
were included. No distinction was made between methicil-
lin-sensitive S. aureus (MSSA) and methicillin-resistant S. 
aureus (MRSA) because too few patients were positive for 
MRSA (3/74, 4.1 %). Similarly, non-mucoid and mucoid 
P. aeruginosa (PA/PAM) were subsumed as a single entity. 
Applying the modified Leeds criteria as described above, at 
the end of the study, chronic colonization of the UAW with 
S. aureus (MSSA/MRSA) and/or P. aeruginosa (PA/PAM) 
was present in 27/66 (40.9 %) and 13/66 (19.7 %) patients. 
Chronic co-colonization with S. aureus (MSSA/MRSA) 
and P. aeruginosa (PA/PAM) in the UAW was detected 
in 3/66 (4.6 %) patients (Table 1). In all patients, chronic 
UAW colonization with S. aureus (MSSA/MRSA) or P. 
aeruginosa (PA/PAM) was accompanied by intermittent 
or persistent LAW colonization with the respective patho-
gen (see Online Resource Table S1, which gives a detailed 
breakdown of colonization status per patient, year, and air-
way compartment).
For all further statistical data evaluation, microbiological 
findings were included only if they were within the weekly 
interval of a patient’s NLF inflammatory measurement. The 
majority of patients had at least one positive sample for S. 
aureus (MSSA/MRSA) in the UAW (46/74, 62.2 %) and/
or the LAW (52/74, 70.3 %) during the study period. In 
case of non-mucoid and mucoid P. aeruginosa (PA/PAM), 
almost half of the patients had at least one positive sample 
during the study period both in the UAW (35/74, 47.3 %) 
and/or LAW (36/74, 48.7 %). Achromobacter xylosoxidans 
and Stenotrophomonas maltophilia were rarely detected. 
Bacteria of the Burkholderia cepacia complex were 
detected in neither the UAW nor the LAW. The cumulative 
detection frequencies of selected pathogens in the UAW 
and LAW during the study period are depicted in Fig. 1.
Statistical evaluation
The variables such as patient’s age, lung function, medica-
tion, and colonization status of the UAW showed a statisti-
cal significant influence on the model calculation for sev-
eral inflammatory markers in the univariate pre-analysis, 
whereas gender, genotype, body weight, pancreas insuf-
ficiency, chronic rhinosinusitis, allergic sensitization with 
respiratory allergens, allergic bronchopulmonary aspergil-
losis, clinical suspicion of acute infection/pulmonary exac-
erbation, transplantation status, colonization status with P. 
aeruginosa or species known to be associated with exac-
erbation (e.g., S. maltophilia, A. xylosoxidans) in the UAW 
and/or LAW had no or hardly any influence (see Online 
Resource Table S2, which lists significance levels for all 
univariate-tested parameters). However, neither clinical 
characteristics nor medication nor microbial coloniza-
tion status contributed to model calculation for TIMP-1. 
All parameters with fixed effects valuated as significant in 
univariate pre-analysis were included in the linear mixed 
model with random intercept. A detailed description of the 
parameters included in the multivariate analysis is given in 
the Online Resource.
UAW inflammation and colonization status with S. aureus
Tests of fixed effects indicated that the colonization status 
with S. aureus in the UAW and LAW significantly impacts 
the model calculation of all inflammatory mediators in 
NLF except TIMP-1. Patients colonized with S. aureus in 
at least one airway compartment displayed higher concen-
trations of NE, IL-1β, IL-6, IL-8, and MMP-9 than patients 
without S. aureus colonization. If S. aureus was detected 
in both airway compartments, the concentrations were 
always significantly different (UAW+/LAW+ vs. UAW−/
LAW−) (Table 3). In order to investigate whether the esti-
mated marginal means of the inflammatory mediators’ 
concentration differ significantly depending on coloniza-
tion status with S. aureus in the UAW and LAW, pairwise 
comparisons among colonization categories were per-
formed for each inflammatory mediator. The respective 
categories of colonization status with S. aureus in the UAW 
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and LAW revealed significant differences in estimated mar-
ginal means of NE (P = 0.029), IL-1β (P = 0.004), IL-6 
(P = 0.010), IL-8 (P < 0.001), and MMP-9 (P = 0.002) 
in the univariate tests (Table 4). Patients colonized with S. 
aureus in both the UAW and LAW (UAW+/LAW+) fea-
tured 1.7–2.2-fold increased estimated marginal means of 
IL-1β (P = 0.017), IL-6 (P = 0.009), IL-8 (P = 0.001), 
and MMP-9 (P = 0.003) compared to non-colonized 
patients (UAW−/LAW−). Likewise, patients colonized 
with S. aureus in both airway compartments (UAW+/
LAW+) appeared to reveal increased concentrations of NE 
(P = 0.061) compared to patients with S. aureus in neither 
the UAW nor LAW (UAW−/LAW−), but the differences 
were not significant. Furthermore, comparison of estimated 
marginal means of IL-8 revealed significant differences 
for non-colonized patients (UAW−/LAW−) compared to 
patients with sole colonization with S. aureus in the UAW 
(UAW+/LAW−), showing 2.2-fold increased estimated 
means of IL-8 (P = 0.015) for the latter group. Addition-
ally, 2.1-fold elevated estimated marginal means of MMP-9 
(P = 0.035) were detectable in patients colonized with S. 
aureus in both the UAW and LAW (UAW+/LAW+) com-
pared to those only colonized with S. aureus in the LAW 
(UAW−/LAW+). Estimated marginal means of inflamma-
tory mediators in NLF with respect to colonization status 
of the UAW and LAW with S. aureus are found in Table 4 
and Fig. 2. 
UAW inflammation and medication
The parameter estimates for treatment with azithromy-
cin indicated that therapy with azithromycin significantly 
reduces all measured inflammation mediators in NLF 
except IL-6, MMP-9, and TIMP-1. On average, patients 
under azithromycin therapy (163/142, 53.4 %) exhibited 
1.5–1.7-fold lower concentrations of NE (P = 0.033), IL-1β 
(P = 0.014), and IL-8 (P = 0.042) compared to patients who 
did not receive azithromycin. Estimated marginal means of 
inflammatory mediators in NLF with respect to therapy with 
azithromycin are displayed in Table 5 and Fig. 3.
Neither inhaled antibiotics, which contributed signifi-
cantly to the model calculation of IL-1β in the univariate 
Fig. 1  Cumulative detection 
frequencies of selected patho-
gens in the UAW and LAW 
during the study period
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pre-analysis performed previously, nor therapy with nasal 
steroids, which significantly impacted the model calcula-
tion of MMP-9 in the preceding univariate pre-analysis, 
reached significance level in the multivariate analysis. 
Treatment with intravenous or oral antibiotics did not affect 
model calculation of any inflammation mediator.
Table 4  Effects of colonization of the UAW and/or LAW with S. aureus (MSSA/MRSA) on inflammatory mediators in NLF: estimated mar-
ginal means (multivariate analysis)
Breakdown of estimated marginal means of inflammatory mediators measured in nasal lavage fluid with respect to airway colonization status 
with S. aureus. Pairwise comparisons of estimated marginal means of inflammatory mediator concentrations among S. aureus airway coloniza-
tion status categories revealed significant differences for IL-1β, IL-6, IL-8, and MMP-9 (printed in bold type). To improve the transferability 
of inflammatory mediator concentrations to other studies, the estimated marginal means of each inflammatory mediator are expressed as non-
logarithmized concentrations in round brackets. For graphical presentation, see Fig. 2
EMM, estimated marginal means; S. aureus, Staphylococcus aureus; SE, standard error; +, colonization with S. aureus; −, no colonization with 
S. aureus
NE log (ng/mL) IL-1β log (pg/mL) IL-6 log (pg/mL) IL-8 log (pg/mL) MMP-9 log (pg/mL)
EMM SE EMM SE EMM SE EMM SE EMM SE
 UAW +/LAW+ 2.40 (249.46) 0.06 0.42 (2.65) 0.11 1.12 (13.15) 0.06 2.60 (394.46) 0.06 3.97 (9225.71) 0.08
 UAW−/LAW+ 2.28 (188.80) 0.07 0.16 (1.45) 0.13 1.00 (10.09) 0.09 2.42 (262.42) 0.08 3.64 (4405.55) 0.11
 UAW+/LAW− 2.44 (277.33) 0.10 0.56 (3.65) 0.19 1.20 (15.96) 0.16 2.72 (524.81) 0.12 3.85 (7112.14) 0.17
 UAW−/LAW− 2.25 (177.42) 0.05 0.14 (1.38) 0.11 0.86 (7.23) 0.06 2.37 (235.50) 0.07 3.63 (4236.43) 0.08
F P value F P value F P value F P value F P value
 EMM Univari-
ate test
3.06 0.029 4.53 0.004 3.88 0.010 6.63 <0.001 5.12 0.002
I II EMM EMM EMM EMM EMM






0.12 0.426 0.07 0.26 0.091 0.11 0.11 1.000 0.10 0.18 0.072 0.07 0.32 0.035 0.12
UAW+/
LAW−
−0.05 1.000 0.10 −0.14 1.000 0.17 −0.09 1.000 0.16 −0.12 1.000 0.11 0.11 1.000 0.17
UAW−/
LAW−





−0.12 0.426 0.07 −0.26 0.091 0.11 −0.11 1.000 0.10 −0.18 0.072 0.07 −0.32 0.035 0.12
UAW+/
LAW−
−0.17 0.771 0.11 −0.40 0.179 0.18 −0.20 1.000 0.18 −0.30 0.076 0.12 −0.21 1.000 0.19
UAW−/
LAW−





0.05 1.000 0.10 0.14 1.000 0.17 0.09 1.000 0.16 0.12 1.000 0.11 −0.11 1.000 0.17
UAW−/
LAW+
0.17 0.771 0.11 0.40 0.179 0.18 0.20 1.000 0.18 0.30 0.076 0.12 0.21 1.000 0.19
UAW−/
LAW−





−0.15 0.061 0.06 −0.28 0.017 0.09 −0.26 0.009 0.08 −0.22 0.001 0.06 −0.34 0.003 0.10
UAW−/
LAW+
−0.03 1.000 0.07 −0.02 1.000 0.12 −0.15 0.983 0.10 −0.05 1.000 0.07 −0.02 1.000 0.12
UAW+/
LAW−
−0.19 0.342 0.10 −0.42 0.109 0.18 −0.34 0.225 0.16 −0.35 0.015 0.11 −0.23 1.000 0.18
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NE log (ng/mL) IL-1β log (pg/mL) IL-6 log (pg/mL) IL-8 log (pg/mL) MMP-9 log (pg/mL) 
UAW-/LAW- 2.25 0.14 0.86 2.37 3.63
UAW-/LAW+ 2.28 0.16 1.00 2.42 3.64
UAW+/LAW- 2.44 0.56 1.20 2.72 3.85




















































Fig. 2  Effects of colonization of the UAW and/or LAW with S. 
aureus (MSSA/MRSA) on inflammatory mediators in NLF: esti-
mated marginal means (multivariate analysis) the bar chart illustrates 
the data from Table 4. Error bars specify the standard errors of esti-
mated marginal means; square brackets specify significant differ-
ences between colonization status categories. Note that estimated 
marginal means of the inflammatory mediators are expressed in a log-
arithmic fashion. S. aureus, Staphylococcus aureus; +, colonization 
with S. aureus; −, no colonization with S. aureus
Table 5  Effects of azithromycin treatment on inflammatory mediators in NLF: estimated marginal means (multivariate analysis)
Breakdown of estimated marginal means of inflammatory mediators measured in NLF with respect to treatment with azithromycin. Pairwise 
comparisons of estimated marginal means of inflammatory mediator concentrations depending on treatment with azithromycin revealed signifi-
cant differences for NE, IL-1β, and IL-8 (printed in bold type). To improve the transferability of inflammatory mediator concentrations to other 
studies, the estimated marginal means of each inflammatory mediator are expressed as non-logarithmized concentrations in round brackets. For 
graphical presentation, see Fig. 3
EMM, estimated marginal means; SE, standard error
NE log (ng/mL) IL-1β log (pg/mL) IL-8 log (pg/mL)
EMM SE EMM SE EMM SE
 Azithromycin treatment: no 2.42 (260.18) 0.06 0.47 (2.98) 0.12 2.59 (392.98) 0.07
 Azithromycin treatment: yes 2.27 (185.17) 0.06 0.17 (1.47) 0.12 2.46 (287.80) 0.08
F P value F P value F P value
 EMM Univariate test 4.58 0.033 6.11 0.014 4.21 0.042
I II EMM EMM EMM
I–II P value SE I–II P value SE I–II P value SE
Pairwise comparisons
 Azithromycin treatment: no Azithromycin treatment: yes 0.15 0.033 0.07 0.31 0.014 0.12 0.14 0.042 0.07
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Discussion
UAW inflammation and colonization status  
with S. aureus
Our results indicate that S. aureus airway colonization sig-
nificantly impacts the concentration of all measured inflam-
matory mediators in NLF except TIMP-1, whereas UAW 
and/or LAW colonization with P. aeruginosa does not affect 
the concentrations of inflammatory mediators in NLF. Colo-
nization of the UAW with S. aureus appears to contribute to 
a higher extent to CF airway inflammatory processes than 
hitherto expected as patients with S. aureus colonization 
of both the UAW and LAW (UAW+/LAW+) showed sig-
nificantly increased concentrations of IL-1β, IL-6, IL-8, and 
MMP-9 as well as slightly elevated concentrations of NE in 
NLF compared to non-colonized patients (UAW−/LAW−).
S. aureus possesses various virulence factors such as cell 
wall-anchored proteins and a repertoire of secretory toxins 
and enzymes, which affect signal pathways of the host’s 
immune system, mediate host tissue damage, and/or stimu-
late immune cells to massive release of cytokines, thus facil-
itating bacterial invasion and spread [32, 33]. In this respect, 
cell wall-anchored staphylococcal Protein A and staphylo-
coccal enterotoxins such as enterotoxin A and B (SEA, SEB) 
play a decisive role as they target various pro-inflammatory 
signal pathways and feature antigenic properties hence lead-
ing to massive neutrophil inflammation. For example, Pro-
tein A interacts with TNF-α Receptor 1 (TNFR1) of airway 
epithelial and immune cells and thus stimulates TNF-α-like 
responses with high release of pro-inflammatory media-
tors such as IL-1β, IL-6, and IL-8 [34]. Secreted SEA and 
SEB instigate pronounced antigen-independent T cell pro-
liferation with excessive production of pro-inflammatory 
cytokines [32]. Additionally, there is some evidence that 
staphylococcal enterotoxins as well as pro-inflammatory 
mediators like IL-1β, triggered by S. aureus, reinforce the 
expression of pro-inflammatory cytokines by alteration of 
microRNA-dependent regulatory pathways [35–38]. Micro-
RNAs play an important role in the regulation of expression 
of pro-inflammatory cytokines as they mediate posttransla-
tional modifications and affect mRNA stability.
In line with these pathogenic concepts of increased 
inflammation in response to S. aureus, we found consid-
erably elevated levels of IL-1β, IL-6, and IL-8 in patients 
colonized with S. aureus. Similarly, increased levels of 
NE and MMP-9 fit with the interdependent interactions 
between these pro-inflammatory mediators, which even-
tually favor neutrophil inflammation and protease burden 
(Fig. 4). Furthermore, high concentrations of NE in NLF 
might be attributable to the fact that excessive levels of NE 
overwhelm the capacities of endogenous anti-proteases 
like secretory leukoproteinase inhibitor, elafin and α1-
antitrypsin to counteract and curb NE, resulting in a rela-
tive preponderance of NE in the airways [39, 40]. Likewise, 
Hentschel et al. [17] found pronounced imbalances of NE 
and secretory leukoproteinase inhibitor in the UAW of 
CF patients. Inflammation might be further triggered by 
pathogen-associated molecular patterns of S. aureus and 
damage-associated molecular patterns within tissue degra-
dation, by both staphylococcal enzymes and host inflam-
matory responses while trying to bridle bacterial spread 
[41].
Nevertheless, it is noteworthy that S. aureus possesses 
several capabilities to curb and evade the immune system. 
For example, S. aureus secretes extracellular nucleases, 
which degrade the DNA backbone of neutrophil extracellu-
lar traps (NETs); thus, it is more capable of evading NET-
mediated killing [42]. Moreover, within increased synthesis 
of staphylokinase, S. aureus prevents bactericidal effects 
of defensins [43]. Staphylococcal Protein A displays a dual 
functionality as it both induces inflammatory and anti-
inflammatory signaling cascades: In addition to its capacities 
to foster neutrophilic inflammation, it is able to shed TNFR1, 
thus neutralizing circulating TNF-α and down-regulating 
pro-inflammatory signaling [44]. Additionally, Protein A 
binds the Fc-domain of IgG, hence leading to the functional 
impairment of IgG as blocked Fc-domains cannot longer 
bind Fc-receptors on phagocytes or act as a binding site for 
complement factor C1q. In combination with CF-dependent 
local attenuated antimicrobial host defense mechanisms 
[45–47], these factors might reinforce airway inflamma-
tion rather than weakening it: In addition to CFTR-related 
NE log (ng/mL) IL-1β log (pg/mL) IL-8 log (pg/mL)
no treatment 2.42 0.47 2.59


































Fig. 3  Effects of azithromycin treatment on inflammatory media-
tors in NLF: estimates marginal means (multivariate analysis) the bar 
chart illustrates the data from Table 5. Error bars specify the stand-
ard errors of estimated marginal means; square brackets specify 
significant differences between colonization status categories. Note 
that estimated marginal means of the inflammatory mediators are 
expressed in a logarithmic fashion
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abnormalities of neutrophils in priming, apoptosis, intracel-
lular transport, and killing [48, 49], phagocytes may strug-
gle to clear S. aureus, as important opsonization signals are 
missing, the initiation of the classical complement pathway 
is partially blocked, and S. aureus easily subverts bacterial 
killing. Prolonged exposure to bacterial products drives the 
recruitment of further immune cells and evokes massive 
release of pro-inflammatory mediators.
All in all, S. aureus seems to elicit a predominantly pro-
inflammatory type of immune response in the CF airways. 
Long-term persistence of S. aureus seems to be hallmarked 
by substantially different intra- and inter-patient pheno-
types with coexistence of colonies, which harbor both 
decreased and increased virulence traits. It is still unclear 
whether and to what extent universal adaption patterns of S. 
aureus are present [50–52]. Most likely, S. aureus adaptive 
processes beyond genomic mutations are triggered by indi-
vidual local factors, rather than by activation of global reg-
ulators as genetic changes mostly affected genes involved 
in host–pathogen interaction [50, 52]. As a result, high lev-
els of airway inflammation in response to S. aureus may 
indicate a relative preponderance of S. aureus phenotypes 
with enhanced virulence traits, which foster airway inflam-
mation, bacterial dissemination, and outweigh commensal 
forms of S. aureus persistence with less inflammation and 
host detrimental effects. Further studies are warranted to 
investigate potential associations between S. aureus pheno-
typic conversions, local microbial networks, and host envi-
ronmental factors. Additionally, further studies are required 
to clarify the following unresolved issues. First, studies 
ought to assess whether reduced neutrophilic inflammatory 
responses in CF patients’ UAW reported from the Copen-
hagen CF Center might solely be relevant to infection with 
P. aeruginosa but not to S. aureus [5, 12]. Secondly, stud-
ies are needed to elucidate whether disintegration of NETs 
through recombinant human DNase (Dornase alfa) might 
rather favor S. aureus survival and establishment rather 
than bacterial clearing in the airways or vice versa. Pre-
sent studies regarding the influence of recombinant human 
DNase treatment on airway colonization give inconsist-
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Fig. 4  Exemplary interactions between inflammatory mediators
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All in all, we suggest that S. aureus colonization of CF 
airways carries a risk for disease progression—not least 
because exaggerated airway inflammation causes dam-
age to structural and immune cells and thus facilitates the 
establishment of other detrimental pathogens such as P. 
aeruginosa or A. xylosoxidans.
UAW inflammation and colonization status  
with P. aeruginosa
Several virulence factors of P. aeruginosa such as exotoxin 
pyocyanin, elastase, and structurally modified lipid A mark-
edly act in an immunogenic manner and drive inflamma-
tion [56]. For example, pyocyanin evokes pro-inflammatory 
signaling, interferes with mucociliary clearance, and curtails 
the activity of cellular glutathione and N-acetylcysteine 
[47]. Moreover, chronic P. aeruginosa infection seems to be 
associated with functional impairment and quantitative loss 
of T regulatory cells in CF and consequently may be instru-
mental in maintaining inflammatory processes in CF [57].
However, the effects of the colonization status of the 
UAW and/or LAW with P. aeruginosa on model calculation 
of inflammatory mediators did not prove to be statistically 
significant in our study group (see Online Resource Fig-
ure S1). Some studies indicate that local immune defense 
mechanisms of the UAW differ from those of the LAW in P. 
aeruginosa colonization: Increased concentrations of secre-
tory immunoglobulin A seem to be a distinctive feature 
of UAW colonization with P. aeruginosa [12]. Secretory 
immunoglobulin A neutralizes pathogens without initia-
tion of local inflammatory responses. Hereby, host immune 
response to P. aeruginosa seems to be accompanied by less 
neutrophilic inflammation and appears to be rather silent in 
the UAW, contrary to the LAW [5]. Recent investigations 
of inflammatory profiles in the UAW and LAW in CF are 
consistent with this finding [16, 17].
Diminished pro-inflammatory immune responses to P. aer-
uginosa due to increased mucosal concentrations of immuno-
globulin A in the UAW may be one reason that explains why 
the differences in the concentrations of inflammatory media-
tors did not reach statistical significance. Furthermore, dura-
tion of colonization/infection of P. aeruginosa, colony count 
and local bacterial community composition, as well as intense 
therapeutic approaches targeted against P. aeruginosa, may 
influence the extent of UAW inflammation in response to P. 
aeruginosa [58, 59]. Further studies are required to ascertain 
the role of neutrophilic inflammation and T regulatory cells in 
UAW colonization with P. aeruginosa.
UAW inflammation and medication
Studies indicate that patients with CF derive clinical bene-
fits from treatment with macrolide antibiotic azithromycin 
(improved quality of live/reduction in exacerbation rate 
and lung function decline) [60, 61]. Apart from the anti-
bacterial activity, azithromycin possesses potent anti-
inflammatory activity. Besides diminished expression of 
pro-inflammatory cytokines like IL-1β and IL-8 due to the 
modulation of cell signaling pathways, reduced recruit-
ment of neutrophils and alternative macrophage activation 
with predominance of anti-inflammatory M2 macrophages 
are considered to be causative for the anti-inflammatory 
activity of azithromycin [62]. However, the exact molecu-
lar mechanisms of azithromycin effects remain to be eluci-
dated; actually, some in vitro studies indicate that azithro-
mycin does not affect cytokine expression in CF airway 
epithelial cells [63, 64].
Our results indicate that therapy with azithromycin does 
significantly impact all measured inflammation mediators 
in NLF except IL-6, MMP-9, and TIMP-1. Patients under 
oral azithromycin therapy displayed significantly decreased 
levels of NE, IL-1β, and IL-8 compared to patients who 
did not receive azithromycin. These findings are consist-
ent with the results of other studies: Hentschel et al. [65] 
reported decreased levels of IL-1β in the UAW of CF 
patients treated with azithromycin. Likewise, patients with 
respiratory syncytial virus bronchiolitis [66] and polypoid 
non-CF CRS [67] showed reduced IL-8 levels in NLF dur-
ing azithromycin treatment.
Limitations
Interpreting the results of this study is partially limited by 
the fact that CF patients display broad inter-patient hetero-
geneity, characterized by different comorbidities and patho-
gen colonization patterns, discrepancies in age, pulmonary 
function, and a broad variability of treatment modalities. 
However, to meet these requirements, we included a large 
number of patients and considered several clinical con-
founders during data evaluation. In some cases, lack of 
sufficient data caused complications in carrying out com-
prehensive statistical analyses (e.g., less information about 
allergic sensitization and serological parameters) so we 
cannot entirely preclude these factors as confounders.
We used standard microbial cultures to detect S. aureus 
and other pathogens. To achieve a more accurate insight 
into S. aureus colonization status and phenotypes, culture-
independent profiling methodologies may be helpful. Here, 
further investigations are desirable, which pay particular 
attention to small colony variants. These variants seem to 
reflect long-term adaption to the host environment repre-
senting a less virulent and more resistant phenotype with 
properties to withstand even pseudomonal small respira-
tory inhibitors like pyocyanin or hydrogen cyanide [68]. 
In addition to this, expression of several virulence factors 
is highly variable between different S. aureus clones and, 
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therefore, there may be considerable variation in the pro-
inflammatory effects [50, 52].
Spontaneous detachment of mucus plugs from the para-
nasal sinuses potentially skews results toward high quan-
tities of bacteria and immune cells. This factor is difficult 
to control in pre-analytics: albeit nasal pre-washing may 
be a useful step to remove preexisting secretion and accu-
mulated debris, as repeatedly performed NL decreases the 
concentrations of inflammatory markers [69, 70].
Conclusion
Our findings emphasize that S. aureus significantly impacts 
inflammatory processes in the UAW and may contribute 
more strongly in CF airway inflammatory processes than 
hitherto expected. Our approach of serial sampling of the 
UAW compartment by NL underlines the potential of this 
noninvasive method to assess the effects of pathogens and 
resulting inflammatory responses in CF and other diseases. 
Moreover, NL may function as a potential tool to monitor 
and to assess the effectiveness of new anti-staphylococcal 
agents and/or treatment strategies. This may contribute to 
overcoming the substantial discrepancies within therapeu-
tic approaches to prevent and manage S. aureus coloniza-
tion and infection in CF [71–74].
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2.3.4 Upper airway infection and inflammation in CF patients and healthy 
controls (unveröffentlichte Daten) 
Patienten mit einer CF leiden relativ häufig an akuten Infekten, die saisonal bedingt in den 
Wintermonaten gehäuft auftreten. In einer longitudinalen Studie sammelten wir Material 
aus den oberen Atemwegen von gesunden Kindern und Erwachsenen sowie pädiatrischen 
und adulten CF-Patienten im stabilen Zustand sowie während eines akuten Infekts der 
Atemwege und analysierten die Sekrete auf Viren und Inflammationsmediatoren. Ziel der 
Studie war es, herauszufinden, ob virale Infektionen bei CF-Patienten durch das gleiche 
Virenspektrum hervorgerufen werden wie bei Menschen ohne Mukoviszidose und ob sich 
die Immunantwort bei CF-Patienten von der von Nicht-CF-Patienten unterscheidet. 
Als Ergebnis fanden wir, dass Infekte vor allem bei Kindern mit CF die 
Normalflorabeeinflussen. Sie erscheint deutlich reduziert zugunsten von Keimen wie  
S. pneumonia oder Moraxella (M.) spec. (s. Abb. 10). Dennoch kann für die CF Kohorte kein 
bakterieller Leitkeim für die Exacerbation Strecke identifiziert werden. 
 
 
Abb. 10: Keimspektren der CF-Patienten zum Zeitpunkt einer akuten Exacerbation. Es zeigt sich kein 
dramatischer Anstieg einer bestimmten bakteriellen Spezies bei den Erwachsenen. Bei den Kindern findet man 
häufiger S. pneumonia und Moraxella zu Lasten der Normalflora (Koagulase-negative Staphylokokken, Alpha-
hämolysierende Streptokokken, Corynebakterien und Stomatokokken). 
 
Sowohl in der CF-Kohorte als auch bei den Kontrollen findet sich im Akutgeschehen am 


































P U B L I K A T I O N E N  
Die Infektantwort unterscheidet sich deutlich bei pädiatrischen und adulten CF-Patienten. 
Während bei Kindern noch ein deutliches Ansprechen des Immunsystems zu verzeichnen ist, 




























P U B L I K A T I O N E N  
 
Abb. 11: CF-Patienten zeigen bei akutem Infekt eine schwächere Immunreaktion als Kontrollpersonen, ganz 
besonders Erwachsene. Lediglich bei IL-6 und NE ist ein leichter Anstieg zu verzeichnen. 
 
Die Infektantwort unterscheidet sich auch bei Virus-positiven zu Virus-negativen Patienten, 
sowohl bei CF als bei der Kontrollkohorte. 
Fazit: Die Entzündungsmediatoren als Reaktion auf eine (virale) Infektion sind bei CF deutlich 
vermindert im Vergleich zu gesunden Kontrollen, explizit bei Erwachsenen. Dies lässt uns 
einen Immundefekt als Resultat der Gewebesremodellierung vor allem bei fortgeschrittener 
Mukoviszidose vermuten.  
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2.3.5 Increased cytokines in cystic fibrosis patients' upper airways during a 
new P. aeruginosa colonization. 
Jaudszus A, Arnold C, Hentschel J, Hünniger K, Baier M, Mainz JG. 




Wir konnten bereits zeigen, dass eine Keimbesiedlung in den oberen Atemwegen, vor allem 
bei chronisch besiedelten Patienten, mit einer Erhöhung bestimmter Inflammationsmedia-
toren einhergeht. Zur zeitlichen Dynamik konnten wir keine Aussage treffen.  
Die zentrale Frage der hier durchgeführten Studie war, ob es anhand der 
Mediatorkonzentration möglich wäre, eine Infektion mit P. aeruginosa vorherzusagen. Dazu 
sammelten wir von 34 CF-Patienten über einen Zeitraum von drei Jahren insgesamt 149 
nasale Lavagen und untersuchten diese auf Pathogene und Inflammationsmarker. Es 
ergaben sich bezüglich der P. aeruginosa-Besiedlung drei Subgruppen: (A) Patienten ohne P. 
aeruginosa-Akquise im fraglichen Zeitraum, (B) Patienten, welche im 
Untersuchungszeitraum eine Neuinfektion mit P. aeruginosa hatten, (C) Patienten, welche 
über den gesamten Zeitraum mit P. aeruginosa besiedelt waren. Es zeigte sich, dass die 
Inflammationsreaktion ausschließlich bei den neu-besiedelten Patienten signifikant erhöht 
ist. Direkt davor ließ sich kein prognostisch nutzbarer Anstieg der untersuchten Mediatoren 
messen. Patienten mit Nachweis einer P. aeruginosa-Infektion wurden in unserem Zentrum 
umgehend antibiotisch behandelt und die Entzündungsreaktion konnte wieder auf das Level 
vor Infektion bzw. auf das Level von unbesiedelten Patienten reduziert werden. 
Interessanterweise zeigen Patienten mit einer chronischen Besiedlung in unserer Studie 
keine erhöhten Werte für IL-1ß, IL-6 und IL-8 in der NL. Diese Ergebnisse passen gut zu der 
Studie, bei der die Keimbesiedlung und Inflammationsreaktion bei Erwachsenen CF-
Patienten mit denen pädiatrischer Patienten verglichen wurde (2.3.4) und stützt die 
Hypothese, dass eine fortgeschrittene CF eine Aspekte einer Immundefekterkrankung 
aufweist, bei der nicht mehr adäquat auf eine Keimakquise reagiert werden kann. 
Fazit: Eine Neusiedlung mit P. aeruginosa löst eine deutliche Immunreaktion aus. Eine 
Vorhersage der Infektion ist jedoch nicht möglich. Für diese Fragestellung war 
möglicherweise das Intervall der Probenentnahmen noch zu groß (Zeitraum 
Probenentnahme vor P. aeruginosa -Infektion war 1-6 Monate). 
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Abstract
Objectives: Previously, we found linkages of inflammatory mediator levels in CF upper
airways (UAW) sampled by nasal lavage (NL) to disease severity and to chronic
pathogen colonization such as Pseudomonas aeruginosa (PsA). Here, we assess UAW
cytokine dynamics in CF patients with a new PsA colonization.
Methods:Wemeasured cytokines in 149 longitudinally obtained NL samples from 34
CF patients. Cytokine concentrations determined prior to, at the time of de novo PsA
detection in eitherUAWor lower airways (LAW), and in a subsequentPsA freeperiod in
newly colonized patients (PsA-new/n = 7) were compared to levels of not- (PsA-free/
n = 13) and chronically colonized patients (PsA-chron/n = 14). Moreover, serological
and clinical data were compiled.
Results: Concentrations of IL-1ß, IL-6, and IL-8 in samples taken prior to new PsA
detection were comparable with PsA-free patients. At the time of PsA detection and,
most interestingly, irrespective of whether PsA occurred in the UAW or LAW, IL-8
increased (P = 0.009) and IL-6 tended to increase (P = 0.081). In these patients,
detection of PsAwas not related to elevated PsA antibody-titers. In comparison, NL of
PsA-chron patients revealed generally lower IL-8 and IL-1β concentrations as in PsA-
free patients, most likely due to a consequent antibiotic and anti-inflammatory therapy
(eg, with azithromycin).
Conclusions:Monitoring cytokine dynamics in the UAW by serial NL sampling may be
valuable in the early phase of PsA acquisition and, thus, increase the chance to adjust
treatment options early and more specifically.
K E YWORD S
cystic fibrosis, cytokines, nasal lavage, Pseudomonas (P.) aeruginosa, sinonasal
1 | INTRODUCTION
In cystic fibrosis (CF), defects of the cystic fibrosis transmembrane
regulator (CFTR) lead to impaired mucociliary clearance, pathogen
infection, and inflammation in the lower (LAW) and upper airways
(UAW). Progressive lung destruction triggered by chronic pulmonary
infection with opportunistic pathogens such as Pseudomonas
aeruginosa (PsA) is the leading cause of premature death in CF.
Consequently, there is a strong incentive for early detection of PsA
infection. Previously, the UAW and the scarcely aerated paranasal
sinuses were identified as a site for pathogen acquisition, persistence,
descending pulmonary spread, and cross-infection.1–4 By detection of
genetically identical PsA and Staphylococcus aureus (SA) strains in both
airway levels the united airway concept was highlighted.2,5 An
important implication of this finding is the necessity to take both
UAW and LAW colonization into account if eradication is to succeed.6
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Non-invasively collected nasal lavages (NL) from the patient'sUAW
bear the potential not only to monitor airway colonization but also to
assess host defense and inflammation. In this regard, we showed that
concentrations of soluble inflammationmarkers in UAWsampled byNL
are linked to disease severity and to the colonization status.7–9 For
instance,wedemonstrated that a rangeof solublepro-inflammatory and
neutrophil-related mediators, among them IL-1β, IL-6, and IL-8, are
more frequently detected in NL of CF patients than in NL of healthy
controls.7 Previous investigations into the mediator pattern in different
subgroupsofpatientswith chronic rhinosinusitis revealed IL-1β and IL-8
within the sinonasal compartment as distinctive for CF10 (whereby IL-8
may be even higher in other clinical forms of bronchiectasis such as
primary ciliary dyskinesia11). Moreover, we described an elevated
protease-antiprotease ratio, in particular neutrophil elastase (NE) versus
secretory leukocyte protease inhibitor (SLPI), in NL of our CF patient
cohort,12 indicating insufficient control of an exuberant and persistent
neutrophil-dominated immune response that does not manage to clear
the bacterial infections. Recent data lend support to the theory that
inflammation in CF is an inherent effect of dysfunctional CFTR.13–15
Inflammation in turn has been recognized as a priming factor for
infection with pathogens such as PsA,16 which is associated with
increasedmortalityandmorbidity inpatientswithCF.Aimof thepresent
study was thus to assess a putative temporal relationship between
colonization and the local inflammatory host response. As the nose is a
port of pathogen entrance, we wanted to know whether the cytokine
dynamics within the sinonasal compartment is indicative for an
impending acquisition of PsA or not. Better understanding of these
interrelationsmay increase the chance to adjust treatment options early
and more specifically. Therefore, we analyzed selected cytokines in NL
sampled around the time of de novo PsA (PsA-new) detection in either
UAW or LAW and compared the findings to groups of PsA free (PsA-
free) and chronically colonized (PsA-chron) CF patients.
2 | METHODS
2.1 | Patients
In this retrospective study, serial samples of 34 patients attended at
the Jena University Cystic Fibrosis Center (Table 1) were included, and
a total of 149 NL samples were analyzed. Patient's diagnosis of CFwas
based on two positive sweat tests (≥60mmol/L) and/or genotyping.
Sampling of UAW (NL) and LAW specimens (induced sputum or deep
oropharyngeal swab) was done during routine outpatient appoint-
ments, which usually take place in quarterly intervals. Written
informed consent was obtained from all participants/parents. The
study was approved by the Ethics Committee of the Jena University
Hospital (approval no. 2909-08/10).
2.2 | Microbiological analysis
Microbiological analyses of UAW and LAW specimens were
performed according to the German and European standards.17 Per
date and patient, always both UAW and LAW samples were collected.
Airway colonization status with PsA was defined according to Leeds
criteria18 based on standard hospital culture data. PsA colonization
was defined “chronic” when more than 50% of the preceding
12 months were PsA culture positive. Besides PsA (with no distinction
made between non-mucoid and mucoid phenotypes), also the
colonization status with Staphylococcus aureus (SA) was recorded
(including methicillin-sensitive SA and methicillin-resistant SA).
2.3 | Collection of nasal lavages
UAW sampling was obtained by NL as previously described.2 Briefly,
10ml of sterile isotonic saline was slowly rinsed into each nostril (one by
one) of the cleaned nose. The patients were instructed to hold their head
in reclined position for 10 swith closed soft palate and held breath before
draining the lavage fluid intoa sterile vessel by leaningover. Subsequently,
protease inhibitor (Protease Inhibitor Mix G, Serva, Germany) was added
to the NL and samples were stored in aliquots at −80°C until analysis.19
2.4 | Sample selection and cytokine measurement
Cytokines were analyzed in NL samples of CF patients kept prior to, at
the time of PsA detection in either UAW or LAW, and in a subsequent
pathogen free period (Figure 1). In these newly colonized patients, the
evidenceofPsAwasa single eventduring theperiodof serial sampling, as
proven by periodicmicrobial profiling.We included the last two samples
prior to PsA detection (t −1 and t −2) and one taken in a subsequent PsA
free period (t +1). Samples dated as follows: t−2:5-9monthsprior toPsA
detection; t−1:1-6monthsprior to PsAdetection; t +1: 1-6months after
PsA detection. Sample selection criteria were: sampling dated back no
longer than 3.5 years, patient had no history of lung transplantation and
no flu-like infection at the time of sampling, patient did not participate in
another study. Serial NL of PsA-free CF patients and NL of patients
chronically colonizedwithPsA served as controls,withdue attention to a
comparable date of sampling. In total, the period of sampling extended
over three years (June 2013 to Mai 2016).
Concentrations of IL-1β, IL-6, IL-8, and IL-17A in undiluted
samples was measured by means of high sensitivity magnetic bead-
based multiplex assay (Milliplex® MAP Kit HSTCMAG-28SK, Merck
Millipore, Darmstadt, Germany) according to the manufacturer's
instruction. IL-17A, however, was below the detection limit in most
of the samples and thus not evaluated. As specified by the
manufacturer, detection limits were 0.14 pg/mL (IL-1β), 0.11 pg/mL
(IL-6), 0.13 pg/mL (IL-8), and 0.33mg/mL (IL-17A), respectively. Lower
limit of quantification (LLOQ) ranged from 0.49-0.50 for IL-1β, 2.62-
2.81, for IL-6, and 1.19-1.25 for IL-8. The inter-assay precision was
generated from the mean of the %CV across two different
concentrations of quality controls across three different assays. %
CV was 5.8 for IL-1β, 8.1 for IL-6, and 11.3 for IL-8.
2.5 | Serology and routine hematological parameters
Serum titers of alkaline protease IgG, elastase IgG, and exotoxin A IgG
as well as HbA1c were determined in the routine laboratory of the
Department of Clinical Medicine and Laboratory Diagnostics, Jena
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TABLE 1 Patient characteristics evaluated during the period of sampling
PsA-free PsA-new PsA-chron
Group n (of 13) n (of 7) n (of 14)
Gender
Female 6 5 5
Male 7 2 9
Age (yrs.)a
0-5 1 0 0
6-11 5 4 0
12-17 2 2 5
≥18 5 1 9
BMIp (%)a
0-25 8 3 9
26-50 4 2 3
51-75 1 0 2
>75 0 2 0
CFTR genotype
F508del/F508del 3 2 9
F508del/G551D 0 0 0
F508del/other 9 3 4
G551D/other 0 1 0
other/other 1 1 1
FEV1 (%)b
<50 1 0 7
50-100 4 5 7
>100 7 2 0
Comorbidities
History of meconium ileus 0 2 2
Exocrine pancreatic insufficiency 12 6 14
CF-related diabetes (CFRD)c 1 0 6
Insulin-dependent CFRD 1 0 1
Therapyd
Antibiotics: inhaled/oral/i.v. 0/12e/1 14/9/12
Prior to PsA detection: inhaled/oral/i.v. 0/5e/0
After PsA detection: inhaled/oral/i.v.f 4/5/6
Anti-inflammatory co-medicationd
Macrolides (eg, azithromycin) 2 13
Prior to PsA detection 1
After PsA detection 2
Rhinologicals (eg, mometasone) 9 5
Prior to PsA detection 4
After PsA detection 4
aAt first study NL.
bFrom 6 yrs. on.
cHbA1c ≥6.5%, fasting plasma glucose ≥7mmol/l, and/or 2h-oGTT plasma glucose ≥11mmol/l.
dDuring the sampling period.
eOther than ciprofloxacin.
f14-d i.v. therapy with tobramycin/ceftazidim usually implemented within the next month after PsA detection;
BMIp, kg/m2 percentile in regard to age and gender-related reference; HbA1c, hemoglobin A1c.
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University Hospital, according to standard methods of the Interna-
tional Federation of Clinical Chemistry and Laboratory Medicine.
2.6 | Statistics
Cytokine data are presented as means ± SEM of the respective group.
Group differences were tested using Student's t-test (paired: intra-
group differences, non-paired: between groups) following Kolmo-
gorov-Smirnov (K-S) testing of normal distribution. From each control
group patient, at least three NL samples were analyzed (median n = 4),
adjusted for outliers, and averaged. Similarly, for FEV1 (% of predicted,
pp) and clinical chemistry data, all measurements per patient within the
sampling period were averaged and factored in as mean. Serum titer
data were compared using Mann–Whitney-U test. Differences were
considered significant at P ≤ 0.05.
3 | RESULTS
3.1 | Study population
Mean age at the beginning of sampling was 12 years in the PsA-new
group, 16 years in the PsA-free group, and 24 years in the PsA-chron
group. In general, PsA was first-time evidenced at a mean age of
9 years (median: 7 years). In 13 of the 14 included patients who are
chronically colonized with PsA, the germ was alternately present in
UAW and LAW during the period of sampling and occurred in both
airway levels simultaneously at a frequency of 77%. The patients
with newly detected PsA previously stayed PsA free for at least
30 months (median: 93 months). All of these patients, as well as 12 of
13 PsA-free patients, were co-colonized with Staphylococcus aureus
(SA) during the course of the study (median: 63% of samples SA
positive). In contrast, among the 14 patients with chronic PsA
colonization, SA was occasionally detected and infrequently present
only in 4 patients. Of the 13 included PsA-free patients, 9 never
acquired PsA and in 4 patients PsA had been eradicated successfully
at least 13 months before inclusion (median: 76 months).
Nearly two-thirds of the patients chronically colonized with PsA
were homozygous for F508del (Table 1). In accordancewith Lee et al18
these patients had significantly worse lung function (Figure 2 and
Table 1). Moreover, 43% of the patients in this group have been
diagnosed with diabetes (Table 1). In contrast, the most frequent
genotype in the groups PsA-free and PsA-new was heterozygosity for
F508del. Among these patients, two of the group PsA-free were
carriers of a mild class IV- to VI-mutation on the second allele.
3.2 | Cytokines in response to PsA detection
Concentrations of IL-8, IL-6, and IL-1β in samples taken prior to new
PsA detection were comparable with those obtained from PsA-free
patients. At the time of PsA detection and, most interestingly,
irrespective of whether PsA occurred in the UAW or LAW, IL-8
doubled, and IL-6 tended to increase (Figure 3). IL-1β showed similar
but weaker dynamics in response to PsA. In five of these patients, PsA
was found in the LAW but not in the UAW at this time point.
In case of PsA detection, a 14-d intravenous (i.v.) antibiosis (eg,
tobramycin and ceftazidim) or a 28-d course of oral ciprofloxacin, both
together with a 28-d course of inhalative antibiosis (eg, colistin) is usually
implemented within the next month with the aim to eradicate the
pathogen. Cytokines in NL sampled after this therapy decreased to a
comparable level asgenerallymeasured inNLofchronicallyPsAcolonized
patients. In detail, in NL of patients with persistent PsA, concentration of
IL-8 and IL-1βwas significantly lower as in PsA-free patients (Figure 3A).
In the groupof patientswith newly detectedPsA, co-colonizationwith SA
inUAW, LAW, or both airway levels had no influence on the course ofNL
cytokine concentration (Figure 3C). At the time of PsA detection, SAwas
present inUAW,LAW,orbothairway levels inallPsA-newpatients.Other
co-infections were Streptococcus viridans (3/7), Neisseria (2/7), Klebsiella
oxytoca (2/7), and Stenotrophomonas maltophilia (2/7).
3.3 | Serology
In each patient (except one), reciprocal serum anti-PsA antibody titers
were determined at least once during the period of NL sampling. In the
PsA-free group, titers of alkaline protease IgG, elastase IgG, and exotoxin
A IgG were consistently below 1:250 and, thus, patients of this study
group were considered seronegative (not shown). From 4 patients,
antibody titer data were available from dates when PsA was coincidently
detectedas singleevent. In thesepatients, detectionofPsA ineitherUAW
or LAWwas not reflected by increased titers (Figure 4A). In comparison,
FIGURE 2 Lung function. FEV1 (% of predicted, pp) data
comprise each patient's means over the period of NL samplingFIGURE 1 Sample selection criterion. The last two NL samples
prior to PsA detection (t −1 and t −2) and one taken in a subsequent
PsA free period (t +1) were analyzed. Samples of the control groups
dated from the same period
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antibody titers of the chronically PsA colonized group were significantly
elevated. One patient was seropositive without evidence of PsA in either
LAW or UAW at titer determination. This patient, however, was tested
positive forPsA (LAW) twomonths later, concomitantlywith increased IL-
8 in NL (Figure 4B).
4 | DISCUSSION
With the present study we demonstrate an antibiosis-dependent
temporal relationship between de novo airway colonization with PsA
and the local inflammatory host response. New detection of PsA was
reflected by temporarily increased concentrations of IL-8 in NL.
Recently published data show that PsA provokes a higher epithelial IL-
8 release than other members of the CF lung microbiome.20 IL-6 and
IL-1ß revealed similar but weaker dynamics in response to PsA. The
observation that cytokine concentrations increased irrespective of
whether PsA occurred in the sinonasal compartment or in the lower
airways is in line with the united airway concept.2 This finding is also in
accordance with our previous observation that inflammation markers
in UAW and LAW samples correlate.8
Concurrent co-colonizationwith SA in either UAWor LAWdid not
influence NL cytokine dynamics upon de novo acquisition of PsA
(Figure 3C). Of note, in a recent study we identified SA to contribute
more decisively to UAW inflammation than PsA.21 Indeed, cytokine
concentrations in NL were higher when SA was present, what mainly
applied to the PsA-free patients. SA typically precedes chronic
colonization with PsA, the latter apparently prevailing in the
competition for the lung niche in the majority of cases. Aiming at
preventing chronic colonization with PsA and associated inflammation
and pulmonary destruction, we routinely implement an aggressive
eradication regimenwith oral or i.v. antibiotics together with inhalative
antibiotic treatment when PsA is detected. In case of persistence, a
policy of continuous or alternating inhalation with antibiotics such as
tobramycin/colistin and/or aztreonam lysine is performed. Further-
more, most PsA-chron patients receive continuous treatment with
azithromycin (3 times/week), predominantly as anti-inflammatory
therapy, as evident for PsA-chron CF patients.22,23 Finally, as
performed in many European CF-centers, elective i.v. antibiotic
administration, usually three-monthly, is pursued. Thus, the majority
(86%) of the included PsA-chron patients underwent at least one
elective i.v. antibiosis during the study period. Most likely as a
FIGURE 3 Cytokine dynamics in NL from CF patients with newly detected PsA. A, NL kept prior to, at the time of PsA detection in either
UAW or LAW, and in a subsequent PsA free period were analyzed and compared to NL of the control groups (bright left and black right bars).
Prior to PsA detection includes both t −2 and t −1 values per patient. Means ± SEM. T-test (inter-group differences) and paired t-test (intra-
group differences) following K-S. B, Changes in NL cytokine concentration in relation to the initial level Prior to PsA detection (set as 1.0). C,
Exemplary changes of IL-8 in NL of three patients who had been co-colonized with SA
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consequence, SA has been traced only occasionally in these patients.
Recently published data indicate that SA co-infection persists into
adulthood in only one-fifth of the CF patients.24 The comparatively
lower levels of cytokines in NL of chronically PsA colonized patients
confirm previous data of our group showing that during antibiotic and
anti-inflammatory therapy (eg, with azithromycin) sinonasal concen-
trations of soluble inflammatory markers such as IL-6 decreased.9
Our data on the patient who was seropositive without evidence of
PsA at titer determination correspond well with previous observations
that the humoral immune response against PsA cell wall antigens may
increase several months before the first bacterial isolation in culture.25,26
Moreover, early elevated levels of specific anti-pseudomonal antibodies
are reasonably likely to predict thedevelopmentof chronic infection.27,28
Conclusion of a recent review on the diagnostic and prognostic value of
serumantibodies toPsA is that thismethodology showscapacity for early
detection of this pathogen, in spite or even because culture-negativity of
samples of respiratory secretion.29 Others considered the diagnostic
value of serology for positively predicting PsA in either LAW or UAW
cultures as limited.30,31 In accordance, our data show that a PsA positive
culture result may coincide with seronegativity (cf. Figure 4A). However,
exotoxinA, elastase and alkaline protease are virulence factors produced
by PsA in established infection that may not be expressed in early
infections and/or may require a substantial bacterial density before
triggering an immune response to these antigens.32
Frequencies of PsA colonization rise with age,2,8 for why the mean
age in the chronically colonized group was comparatively higher.
Accordingly, the significantly reduced FEV1pp in these patients was
most probably age-dependent. Thus, the age differences between the
groups could be considered as one limitation of our study. Nevertheless,
the CFTR genotype itself is most strongly associated with chronic PsA
infection and, thus, the main contributor to accelerated lung function
decline.33,34 In patients harboring severe CFTRmutations, also comorbid-
ities such as CFRD are diagnosed more frequently.35 Among our study
collective, two-thirds of the patients with persistent PsA colonization
carried F508del on both alleles. In the respiratory epithelia, the CFTR
protein has been implicated in recognition, binding and internalization of
PsA, which finally leads to cellular desquamation and, thereby, bacterial
clearance.36 Thus, CFTR dysfunction and the resulting inability to
effectively eliminate the pathogen explain the hypersusceptibility to
chronic PsA infection in patients with severe CFTR mutation genotypes.
As we applied relatively strict sample selection criteria and many of
the routinely collectedNL sampleswithin ourNL pool did notmeet these
criteria (eg, due to inappropriate sampledate, patienthad flu-like infection
when sample would have fitted chronologically, patient had history of
lung transplantation, patient participated in another study, etc.), the
number of patients included is comparatively small. Nevertheless or even
because of that, we consider the finding on the association between new
PsA acquisition in either UAW or LAW and an immediate sinonasal IL-8
response substantial. Of note, the data are based on a longitudinal serial
NL sampling with a number of samples per patient factored in, whereby
the courses of NL cytokine concentration were impressively similar
between the patients (cf. Figure 3C). On the impact of co-infectionswith
other pathogens, however, we can only speculate because of the small
numberofpatients.Probably, investigationson largercohortswill disclose
still clearer and more revealing patterns, including low expressed
cytokines such as IL-1ß, which, however, remains elusive.
In summary, our data show that periodic and close samplingofNLhas
the potential to indicate and display new PsA colonization by monitoring
changes in cytokines.Non-invasiveandeasy toperform,NLsampling is an
attractive tool for investigations into the respiratory involvement in CF.
ACKNOWLEDGMENTS
We thank all of our patients for their support. This research received
no specific grant from any funding agency in the public, commercial, or
not-for-profit sectors, and it is compliant with ethical standards. All
authors read and approved the final manuscript.
CONFLICTS OF INTEREST




1. Mainz JG, Hentschel J, Schien C, et al. Sinonasal persistence of
Pseudomonas aeruginosa after lung transplantation. J Cyst Fibros. 2012;
11:158–161.
2. Mainz JG, Naehrlich L, Schien M, et al. Concordant genotype of upper
and lower airways P aeruginosa and S aureus isolates in cystic fibrosis.
Thorax. 2009;64:535–540.
FIGURE 4 Serum anti-PsA antibody titers. Cut-off for
seronegativity = 1:250. A, Filled symbols: patients who are chronically
colonized with PsA. Mann–Whitney–U test. B, Courses of IgG serum
titers and IL-8 concentration in NL of one patient who was seropositive
without evidence of PsA in either UAW or LAW at titer determination.
X-axis showing the sampling period refers to both graphs
6 | JAUDSZUS ET AL.
113Seite 113
3. Hansen SK, RauMH, Johansen HK, et al. Evolution and diversification of
Pseudomonas aeruginosa in the paranasal sinuses of cystic fibrosis children
have implications for chronic lung infection. ISME J. 2012;6:31–45.
4. Johansen HK, Nir M, Hoiby N, Koch C, Schwartz M. Severity of cystic
fibrosis in patients homozygous and heterozygous for delta F508
mutation. Lancet 1991;337:631–634.
5. Muhlebach MS, Miller MB, Moore C, Wedd JP, Drake AF, Leigh MW.
Are lower airway or throat cultures predictive of sinus bacteriology in
cystic fibrosis? Pediatr Pulmonol. 2006;41:445–451.
6. Mainz JG,Michl R, PfisterW,Beck JF. Cystic fibrosis upper airways primary
colonization with Pseudomonas aeruginosa: eradicated by sinonasal
antibiotic inhalation. Am J Respir Crit Care Med. 2011;184:1089–1090.
7. Beiersdorf N, SchienM, Hentschel J, PfisterW,Markert UR,Mainz JG.
Soluble inflammation markers in nasal lavage from CF patients and
healthy controls. J Cyst Fibros. 2013;12:249–257.
8. Fischer N, Hentschel J, Markert UR, Keller PM, Pletz MW, Mainz JG.
Non-invasive assessment of upper and lower airway infection and
inflammation in CF patients. Pediatr Pulmonol. 2014;49:1065–1075.
9. Hentschel J, Jager M, Beiersdorf N, et al. Dynamics of soluble and cellular
inflammatorymarkers in nasal lavage obtained fromcystic fibrosis patients
during intravenous antibiotic treatment. BMC Pulm Med. 2014;14:82.
10. Van Zele T, Claeys S, Gevaert P, et al. Differentiation of chronic sinus
diseases by measurement of inflammatory mediators. Allergy. 2006;
61:1280–1289.
11. Bush A, Payne D, Pike S, Jenkins G, Henke MO, Rubin BK. Mucus
properties in children with primary ciliary dyskinesia: comparison with
cystic fibrosis. Chest. 2006;129:118–123.
12. Hentschel J, Fischer N, Janhsen WK, et al. Protease-antiprotease
imbalances differ between Cystic Fibrosis patients' upper and lower
airway secretions. J Cyst Fibros. 2015;14:324–333.
13. Chen J, Jiang XH, Chen H, et al. CFTR negatively regulates
cyclooxygenase-2-PGE(2) positive feedback loop in inflammation.
J Cell Physiol. 2012;227:2759–2766.
14. Crites KS, Morin G, Orlando V, et al. CFTR Knockdown induces
proinflammatory changes in intestinal epithelial cells. J Inflamm (Lond).
2015;12:62.
15. Vij N, Mazur S, Zeitlin PL. CFTR is a negative regulator of NFkappaB
mediated innate immune response. PLoS ONE. 2009;4:e4664.
16. BaloughK,McCubbinM,WeinbergerM, SmitsW,AhrensR, Fick R. The
relationship between infection and inflammation in the early stages of
lung disease from cystic fibrosis. Pediatr Pulmonol. 1995;20:63–70.
17. MauchH, Podbielski A, HerrmannM, Kniehl E.Qualitätsstandards EM-I.
MIQ: Qualitätsstandards in der mikrobiologischinfektiologischen Diagnos-
tik. München und Jena: Urban & Fischer Verlag/Elsevier GmbH; 2007.
18. Lee TW, Brownlee KG, Conway SP, Denton M, Littlewood JM.
Evaluation of a new definition for chronic Pseudomonas aeruginosa
infection in cystic fibrosis patients. J Cyst Fibros. 2003;2:29–34.
19. Hentschel J, Muller U, Doht F, et al. Influences of nasal lavage
collection-, processing- and storage methods on inflammatory
markers–evaluation of a method for non-invasive sampling of
epithelial lining fluid in cystic fibrosis and other respiratory diseases.
J Immunol Methods. 2014;404:41–51.
20. Rigauts C, Vandeplassche E, Coenye T, Crabbé A. 170 Members
of the cystic fibrosis lung microbiome influence the epithelial
immune response to Pseudomonas aeruginosa. J Cyst Fibros.
2017;16:S110.
21. JanhsenWK, Arnold C, Hentschel J, et al. Colonization of CF patients'
upper airways with S. aureus contributes more decisively to upper
airway inflammation than P. aeruginosa.Med Microbiol Immunol. 2016;
205:485–500.
22. Saiman L, Marshall BC, Mayer-Hamblett N, et al. Azithromycin in
patients with cystic fibrosis chronically infected with Pseudomonas
aeruginosa: a randomized controlled trial. Jama. 2003;290:
1749–1756.
23. Wolter J, Seeney S, Bell S, Bowler S, Masel P, McCormack J. Effect of
long term treatmentwith azithromycin on disease parameters in cystic
fibrosis: a randomised trial. Thorax. 2002;57:212–216.
24. Palau HL, Simbo A, Turnbull A, Jones A, Davies JC. 104 Clinical impact
of Staphylococcus aureus co-infection in sputum-producing cystic
fibrosis patients chronically infected with Pseudomonas aeruginosa.
J Cyst Fibros. 2017;16:S91–S92.
25. Brett MM, Ghoneim AT, Littlewood JM. Prediction and diagnosis of
early Pseudomonas aeruginosa infection in cystic fibrosis: a follow-up
study. J Clin Microbiol. 1988;26:1565–1570.
26. West SE, Zeng L, Lee BL, et al. Respiratory infections with
Pseudomonas aeruginosa in childrenwith cystic fibrosis: early detection
by serology and assessment of risk factors. Jama. 2002;287:
2958–2967.
27. Pressler T, Frederiksen B, Skov M, Garred P, Koch C, Hoiby N. Early
rise of anti-pseudomonas antibodies and a mucoid phenotype of
Pseudomonas aeruginosa are risk factors for development of chronic
lung infection–a case control study. J Cyst Fibros. 2006;5:9–15.
28. Pressler T, Karpati F, Granstrom M, et al. Diagnostic significance of
measurements of specific IgG antibodies to Pseudomonas aeruginosa
by three different serological methods. J Cyst Fibros. 2009;8:37–42.
29. Mauch RM, Levy CE. Serum antibodies to Pseudomonas aeruginosa in
cystic fibrosis as a diagnostic tool: a systematic review. J Cyst Fibros.
2014;13:499–507.
30. Douglas TA, Brennan S, Berry L, et al. Value of serology in predicting
Pseudomonas aeruginosa infection in young children with cystic
fibrosis. Thorax. 2010;65:985–990.
31. Daines C, VanDeVanter D, Khan U, et al. Serology as a diagnostic tool
for predicting initial Pseudomonas aeruginosa acquisition in children
with cystic fibrosis. J Cyst Fibros. 2014;13:542–549.
32. Taccetti G, Sly PD. Early detection of infection with Pseudomonas
aeruginosa in cystic fibrosis: theHoly Grail or an achievable goal? J Cyst
Fibros. 2014;13:491–493.
33. Kubesch P, Dork T, Wulbrand U, et al. Genetic determinants of
airways' colonisation with Pseudomonas aeruginosa in cystic fibrosis.
Lancet. 1993;341:189–193.
34. McKone EF, Emerson SS, Edwards KL, Aitken ML. Effect of genotype
on phenotype and mortality in cystic fibrosis: a retrospective cohort
study. Lancet. 2003;361:1671–1676.
35. Brennan AL, Beynon J. Clinical updates in cystic fibrosis-related
diabetes. Semin Respir Crit Care Med. 2015;36:236–250.
36. Cannon CL, Kowalski MP, Stopak KS, Pier GB. Pseudomonas
aeruginosa-induced apoptosis is defective in respiratory epithelial
cells expressing mutant cystic fibrosis transmembrane conductance
regulator. Am J Respir Cell Mol Biol. 2003;29:188–197.
How to cite this article: Jaudszus A, Arnold C, Hentschel J,
Hünniger K, Baier M, Mainz JG. Increased cytokines in cystic
fibrosis patients’ upper airways during a new P. aeruginosa
colonization. Pediatric Pulmonology. 2018;1–7.
https://doi.org/10.1002/ppul.24004
JAUDSZUS ET AL. | 7
114Seite 114
 
P U B L I K A T I O N E N  
2.3.6 Antibody response against Pseudomonas aeruginosa and its 
relationship with immune mediators in the upper and lower airways of 
cystic fibrosis patients 
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Anti-Pseudomonas-Immunglobuline sind möglicherweise ein wichtiges diagnostisches 
Werkzeug zum Erfassen von Pseudomonas-Besiedlung und wurden bislang vor allem für die 
unteren Atemwege angewendet. In der vorliegenden Arbeit wurden erstmals P. aeruginosa-
Immunglobuline beider Atemwegsetagen von 40 CF-Patienten verglichen und die Ergebnisse 
werden mit Inflammationsmediatoren wie MPO, MMP9 und NE korreliert. Vor allem für P. 
aeruginosa-IgA, aber auch für IgG wurden in der nasalen Lavage deutlich höhere Werte 
gemessen als im Sputum und die Werte für IgG und IgA korrelieren direkt. Bei Patienten mit 
Pseudomonasbesiedlung, unabhängig ob in den unteren oder in den oberen Atemwegen, 
wurden niedrigere Ig-Werte gemessen. Dieses Ergebnis war allerdings nicht statistisch 
signifikant. Auch besteht ein Zusammenhang zwischen den Ig-Spiegeln und diversen 
Inflammationsmediatoren. IgA korreliert nach univariater Analyse in den oberen Atemwegen 
stark mit MPO, MMP9 und TIMP1 (p<0,01), nach schrittweiser Regression nur noch mit MPO 
und MMP9. In den unteren Atemwegen gibt es diese Korrelation kaum. Die vorliegende 
Arbeit bestätigt nochmals, dass IgA eine wichtige Rolle in der lokalen Immunabwehr der 
oberen Atemwege spielt. 
 
Seite 115
Pediatric Pulmonology. 2020;1–9. wileyonlinelibrary.com/journal/ppul © 2020 Wiley Periodicals, Inc. | 1
Received: 27 September 2019 | Accepted: 19 January 2020
DOI: 10.1002/ppul.24671
OR I G I N A L AR T I C L E : C Y S T I C
F I B RO S I S— P ED I A T R I C & ADU L T
Antibody response against Pseudomonas aeruginosa and its
relationship with immune mediators in the upper and lower
airways of cystic fibrosis patients
Renan M. Mauch PhD1 | Julia Hentschel PhD2 | Kasper Aanaes MD, PhD3 |
Anton Barucha4 | Marcos T. Nolasco da Silva MD1,5 | Carlos E. Levy MD6 |
Niels Høiby MD7,8 | Jochen G. Mainz MD4,9
1Center for Investigation in Pediatrics, School of Medical Sciences, University of Campinas, Campinas, São Paulo, Brazil
2Institute of Human Genetics, University of Leipzig, Leipzig, Germany
3Department of Oto‐Rhino‐Laryngology, Rigshospitalet (Copenhagen University Hospital), Copenhagen, Denmark
4Department of Pediatric Pulmonology/Cystic Fibrosis Center, Brandenburg Medical School (MHB) University, Klinikum Westbrandenburg, Brandenburg an der
Havel, Germany
5Department of Pediatrics, School of Medical Sciences, University of Campinas, Campinas, São Paulo, Brazil
6Department of Clinical Pathology, School of Medical Sciences, University of Campinas, Campinas, São Paulo, Brazil
7Department of International Health, Immunology, and Microbiology, Costerton Biofilm Center, Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark
8Department of Clinical Microbiology, Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark
9Cystic Fibrosis Center for Children and Adults, Jena University Hospital, Jena, Germany
Correspondence
Jochen G. Mainz, MD, Medizinische
Hochschule Brandenburg (MHB), University,
Klinikum Westbrandenburg, Klinik für Kinder
und Jugendmedizin. Hochstrasse 29, 14770
Brandenburg an der Havel, Germany.
Email: j.mainz@klinikum-brandenburg.de
Funding information
Fundação de Amparo à Pesquisa do Estado de
São Paulo, Grant/Award Number:
2018/10614‐0
Abstract
Background: The upper airways (UAW) are a niche and a reservoir of Pseudomonas
aeruginosa strains that cause chronic infection of the lower airways (LAW) in cystic
fibrosis (CF). Here, we assessed the role of anti‐P. aeruginosa immunoglobulin A (IgA)
and IgG antibodies in upper and lower airway infections in cystic fibrosis patients.
Methods: Nasal lavage fluid and induced sputum samples of 40 CF patients were
microbiologically cultured. We searched for correlations between anti‐P. aeruginosa
IgA and IgG levels, measured by enzyme‐linked immunosorbent assay (optical
density), and unspecific immune mediators in both specimens.
Results: Anti‐P. aeruginosa IgA (median optical density: 0.953 vs 0.298) and IgG
(0.120 vs 0.059) were significantly higher in nasal lavage than in sputum, but not
significantly different between patients with and without chronic P. aeruginosa
infection in UAW. Matrix metallopeptidase‐9 (MMP‐9) in nasal lavage and neu-
trophil elastase (NE) in sputum were predictors of IgA in nasal lavage and IgA
in sputum, respectively. IgA was a predictor of myeloperoxidase (MPO) in nasal
lavage. Tissue inhibitor of metalloproteinases‐1 (TIMP‐1) was a predictor of IgG
in sputum. IgG, TIMP‐1, and NE in sputum were predictors of IgG in nasal lavage.
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Conclusion: The anti‐P. aeruginosa IgA response was more prominent in CF patients'
UAW, indicating a lower degree of inflammatory responses. Proteases may play a
role in the anti‐P. aeruginosa humoral response in the upper and LAW, and anti‐P.
aeruginosa IgG may be involved in the crosstalk between upper and lower airways in
cystic fibrosis patients.
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1 | INTRODUCTION
Impaired mucociliary clearance resulting in chronic bacterial
airway infection is a hallmark of cystic fibrosis (CF)1 and chronic
infection with Pseudomonas aeruginosa is the main cause of pul-
monary damage and premature death. Impaired mucociliary
clearance also concerns the sinonasal compartment so that
nearly all CF patients develop chronic rhinosinusitis (CRS), with
or without nasal polyps.2–4 Besides, the paranasal sinuses are a
niche and critical reservoir of P. aeruginosa strains that ultimately
cause chronic lung infection.5–8
Despite such features, CRS is not frequently reported by CF
patients9 and little is known about the pathogen‐host interplay in
this condition. In a preceding publication including the present
cohort, we assessed the complex microbial colonization in both
airway compartments, together with inflammatory markers of
the unspecific immune response. We found significantly higher
amounts of inflammatory markers, such as neutrophil count,
interleukin‐8 (IL‐8), and matrix metallopeptidase‐9 (MMP‐9) in
induced sputum (IS) than in nasal lavage (NL) fluid of CF patients.
At the same time, the amount of chemokine (CC‐motif) ligand 5
(CCL5)—also known as regulated on activation, normal T cell ex-
pressed and secreted (RANTES)—was significantly higher in NL.10
Sinus colonization with P. aeruginosa is also accompanied by a local
response mediated by secretory immunoglobulin A (sIgA), with
recruitment of macrophages and associated with a comparatively
low inflammatory degree, while lung infection is characterized by
elevated serum IgG and high neutrophil amount.11,12 The
sIgA‐mediated response is detectable in NL and saliva, seems to
represent well both the presence and absence of chronic lung in-
fection and has shown to be a potential marker for assessing the
risk of exposure to P. aeruginosa in the lungs.13–15
The comparatively low inflammatory degree of the immune
response within the sinuses may contribute to little report of CRS
symptoms by CF patients, and quantification of markers like
RANTES and sIgA may be interesting alternatives for early
P. aeruginosa detection in the CF airways. In this scenario, we hy-
pothesized that the levels of IgA and IgG against P. aeruginosa are
contrasting in NL and IS samples of CF patients and that IgA and
IgG levels correlate with unspecific proinflammatory and anti‐
inflammatory markers of the host immune response, respectively,
at both airway levels.
2 | METHODS
2.1 | Patients
Forty CF patients (19 males, 21 females; mean age = 27 years
[range, 5–72 years]) were prospectively recruited between August
2010 and May 2011 during regular outpatient visits to the Jena
University CF Centre. CF diagnosis relied on two positive sweat
tests and/or identification of two disease‐causing mutations in the
CFTR gene, and patients were included if they had not been trea-
ted with intravenous antibiotics for at least two weeks. Treatment
with azithromycin and other inhaled and oral antibiotics were
ascertained but were not regarded as exclusion criteria. Written
informed consent was obtained from each patient or his/her legal
guardian and the study was approved by the local ethics commit-
tee (technical opinion number: 2861‐07/10 and 2909‐08/10).
Chronic bacterial infection was defined according to the Leeds
criteria,16,17 when at least 50% of microbiological examinations
were positive during the preceding year, with a maximum interval
of three months between examinations. As both airway levels have
been routinely assessed during the visits to the Jena University CF
Centre for 10 years, such definition was equally applied to the
lower airways (LAW) and upper airways (UAW).
2.2 | Nasal lavage collection
Using a syringe, 10mL of sterile isotonic saline were applied to each
nostril. Patients were instructed to hold the head in a slightly reclined
position for 10 seconds, lean forward and gently exhale the NL
fluid.18 An aliquot was directly separated for microbiological analysis.
For cytological analysis, 5 mL NL were mixed with 500 µL fetal calf
serum (FCS) (Biochrom AG, Berlin, Germany) and stored at room
temperature (RT) until it was processed. The NL was centrifuged
(1000 rpm, 10minutes, RT), most of the supernatant was discarded,
and the pellet was resuspended in 1mL solution, to which 100 µL FCS
were added. For cytokine analysis, 3 to 5mL of native NL were mixed
with protease inhibitors (Protease Inhibitor Mix G; SERVA Electro-
phoresis GmbH, Heidelberg, Germany) and stored at −80°C until
analysis. Total protein concentrations were measured at 280 nm
using a NanoDrop spectrophotometer (NanoDrop ND 1000; Thermo
Fisher Scientific, Inc, Waltham, MA).
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2.3 | Sputum collection
Patients' sputum samples were obtained after spontaneous expectora-
tion or after induction with inhalation of 6% hypertonic saline. An
aliquot was separated for microbiological analysis and the remaining
volume was diluted 1:5 with sterile phosphate‐buffered saline and again
diluted 1:4 with 0.1% dithiothreitol, rendering a final dilution of 1:20.
After incubation for 10minutes at 37°C, sputum was filtered with a
40‐mm cell strainer to remove debris and mucus. One milliliter of fil-
trated sputum was mixed with 100 µL FCS and submitted to cytological
analysis. The remaining sputum was centrifuged (1000 rpm, 10minutes,
RT), mixed with protease inhibitors as above mentioned, and stored in
aliquots at −80°C for cytokine measurement. Total protein concentra-
tions were measured at 280 nm using NanoDrop.
2.4 | Microbiological, cytological, and cytokine
analyses
This part was carried out by following a previously described
protocol.10 Total cell counts, including percentages of polymorpho-
nuclear (PMN) neutrophils, were measured by fluorescence flow
cytometry (Sysmex XE‐5000; Sysmex Deutschland GmbH, Norder-
stedt, Germany). NL and sputum microbiology were performed
according to European standards.
Concentrations of IL‐1β, −5, −6, −8, and −10, cathepsin‐S (CTSS),
RANTES, myeloperoxidase (MPO), tumor necrosis factor‐α (TNF‐α),
MMP‐9, neutrophil elastase (NE), secretory leukocyte peptidase in-
hibitor (SLPI), and tissue inhibitor of metalloproteinases 1 (TIMP‐1)
were determined using cytometric bead arrays (FlowCytomix Human
Basic Kit and FlowCytomix Human Simplex Kits; eBioscience, Inc,
Frankfurt, Germany) according to the manufacturer's instructions.
2.5 | IgA and IgG measurement in NLF and IS
P. aeruginosa IgA and IgG were measured using an enzyme‐linked
immunosorbent assay (ELISA)‐based test, as described previously.13
2.6 | Statistical analysis
Descriptive statistics were used to present the clinical characteristics of
the study population and the results of the tests. The Mann–Whitney U
test was used for comparison between two groups. Correlations were
assessed using the Pearson correlation coefficient. In this case, the values
were logarithmically transformed to become homogenous. To search for
interactions between variables, which could interfere with the correlation
results, we performed multiple stepwise regression analyses. For all tests,
a P< .05 was considered statistically significant. All statistical analyses
were performed with IBM SPSS Statistics 23 (IBM, Armonk, NY), and
figures were created using both SPSS Statistics 23 and GraphPad Prism 7
(GraphPad Software, San Diego, CA).
3 | RESULTS
3.1 | Microbiological analyses
S. aureus was the most frequently cultured microorganism in both
NL (37%) and IS (55%) samples, while P. aeruginosa was recovered
from 27% and 45% of NL and IS samples, respectively. Chronic
P. aeruginosa LAW infection was present in 18 (47%) patients,
among whom 12 (67%) also had chronic UAW infection (Table 1).
TABLE 1 Demographic characteristics of patients enrolled in the
study (n = 40), Pseudomonas aeruginosa colonization/infection status
in the upper airways (UAW) and lower airways (LAW) and antibody
levels in nasal lavage fluid (NLF) and induced sputum (IS)
Characteristics N or Value (IQR)






FEV1 (% predicted) 68.3 (26.4)
Antibiotic therapy
P. aeruginosa (oral) 3/40
S. aureus (oral) 1/40
P. aeruginosa (inhaled) 14/40
Azithromycin 23/40
P. aeruginosa colonization/infection status
Chronic UAW colonization 12/40
Median IgA levels (NLF) 0.900 (0.52)
Median IgA levels (IS) 0.215 (1.25)
Median IgG levels (NLF) 0.101 (0.11)
Median IgG levels (IS) 0.057 (0.04)
Absence of chronic UAW colonization 28/40
Median IgA levels (NLF) 1.186 (0.96)
Median IgA levels (IS) 0.311 (0.77)
Median IgG levels (NLF) 0.147 (0.63)
Median IgG levels (IS) 0.061 (0.04)
Chronic LAW infection 18/40
Median IgA levels (NLF) 0.783 (0.64)*
Median IgA levels (IS) 0.195 (0.59)
Median IgG levels (NLF) 0.091 (0.12)
Median IgG levels (IS) 0.057 (0.04)
Absence of chronic LAW infection 22/40
Median IgA levels (NLF) 1.315 (0.95)*
Median IgA levels (IS) 0.379 (0.82)
Median IgG levels (NLF) 0.172 (0.28)
Median IgG levels (IS) 0.172 (0.28)
Note: IgA and IgG levels are given in optical density.
Abbreviations: FEV1, forced expiratory volume in
1 second; IgA, immunoglobulin A; IgG, immunoglobulin G; IQR,
interquartile range; cftr (gene encoding the Cystic Fibrosis
Transmembrane Conductance Regulator).
*P = .02.
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Among 28 patients without chronic UAW infection, 17 (61%) had a
history of P. aeruginosa colonization/infection in the LAW.
3.2 | Immunological markers
IS samples showed significantly higher median concentrations of IL‐8,
MPO, MMP‐9, TIMP‐1, IL‐1β, SLPI, and CTSS, while median levels of
RANTES were significantly higher in NL samples (Table 2). All
40 patients had IL‐10 levels below the limit of detection in both NL
and IS samples, and IL‐5, IL‐6, and TNF‐α were detected in no more
than 5% of NL samples and 12.5% of IS samples.
3.3 | IgA and IgG measurement in NLF and IS
The median ODs for IgA and IgG were significantly higher in NL than
in IS (Table 1). No statistical difference was seen between patients
with or without chronic UAW colonization concerning IgA and IgG
levels in both NL and IS samples (Table 1 and Figure 1). Among the
28 patients without chronic UAW infection, the NL IgA levels of
patients with history of P. aeruginosa LAW colonization were not
significantly different of patients without such history. The IgA levels
were significantly higher in NL of patients without chronic LAW in-
fection, when compared to patients with this condition. However, no
TABLE 2 Levels of Pseudomonas aeruginosa‐specific IgA and IgG,
and concentrations of unspecific immunological markers in nasal
lavage fluid and induced sputum samples
Nasal lavage fluid Induced sputum
Marker Median IQR Median IQR p Value
IgA (OD) 0.953 0.84 0.298 0.79 <.001
IgG (OD) 0.120 0.15 0.059 0.04 <.001
CTSS (ng/mL) 1.33 0.6 38.82 39.5 <.001
IL‐8 (ng/mL) 0.92 0.6 49.54 34.1 <.001
MMP‐9 (ng/mL) 23.36 77.3 551.70 440.8 <.001
MPO (ng/mL) 298.56 251.7 2165.20 5293.1 <.001
NE (ng/mL) 0.71 0.79 0.63 0.72 .157
RANTES (pg/mL) 14.00 45.5 0 999.3 <.001
SLPI (ng/mL) 118.77 95.8 61 871.31 32 966.96 <.001
TIMP‐1 (ng/mL) 3.48 37.4 17.35 90.1 <.001
Abbreviations: CTSS, cathepsin‐S; IgA, immunoglobulin A;
IgG, immunoglobulin G; IQR, interquartile range; IL‐8, interleukin‐8;
MMP‐9, matrix metallopeptidase; MPO, myeloperoxidase; NE,
neutrophil elastase; OD, optical density; RANTES, regulated on
activation, normal T cell expressed and secreted; SLPI, secretory
leukocyte peptidase inhibitor; TIMP‐1, tissue inhibitor of
metalloproteinases 1.
F IGURE 1 Distribution of the anti‐Pseudomonas aeruginosa immunoglobulin A (IgA) and IgG levels in nasal lavage fluid (NLF) and
induced sputum (IS) of 40 patients with cystic fibrosis according to their status of P. aeruginosa colonization/infection in the upper and
lower airways. The antibody levels were measured using enzyme‐linked immunosorbent assay tests and the results are given in optical
densities (OD)
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differences were observed between these groups concerning IS IgA,
IS IgG, and NL IgG (Table 1 and Figure 1).
3.4 | Correlations between antibodies and other
immunological markers
Correlations are shown in Table 3 and the results of multiple linear
regression analyses are shown in Table 4. IgA and IgG levels were
directly correlated in both NL and IS samples (Table 3). IgA levels
predicted IgG levels in NL. In IS, IgA and IgG were initially predictors
of each other, and IgG was a stronger predictor of IgA than the
contrary. However, after adjusting for IS NE and IS TIMP‐1 (which
were predictors of IS IgA and IgG, respectively—more details in the
next section) in a multiple linear regression analysis, NE and TIMP‐1
did not significantly change the r2 of the model with IS IgG as
the dependent variable, while NE significantly increased the r2 of the
model with IS IgA as the dependent variable. IgG levels in IS were
TABLE 3 Significant correlations between IgA, IgG, and other immunological markers in nasal lavage fluid (NLF) and induced sputum (IS) after
univariate analysis
Markers Site
IgA (NLF) IgG (NLF) IgA (IS) IgG (IS)
R valuea p Value R valuea p Value R valuea p Value R valuea p Value
IgA NLF ⋯ ⋯ 0.538 <.001
IgG NLF 0.538 <.001 ⋯ ⋯ 0.323 .042 0.522 .001
IL‐8 NLF 0.451 .004
MMP‐9 NLF 0.653 <.001 0.395 .012
MPO NLF 0.660 <.001
TIMP‐1 NLF 0.604 <.001 0.445 .003
IgA IS 0.323 .042 ⋯ ⋯ 0.670 <.001
IgG IS 0.522 .001 0.670 <.001 ⋯ ⋯
IL‐8 IS −0.345 .032 −0.449 .004
MPO IS 0.426 <.001
NE IS 0.399 .015
TIMP‐1 IS 0.368 .042
Abbreviations: IgA, immunoglobulin A; IgG, immunoglobulin G; IL‐8, interleukin‐8; MMP‐9, matrix metallopeptidase; MPO, myeloperoxidase; NE,
neutrophil elastase; TIMP‐1, tissue inhibitor of metalloproteinases 1.
aPearson correlation test.
TABLE 4 Significant correlations between IgA, IgG, and other immunological markers in nasal lavage (NL) fluid and induced sputum (IS) after
stepwise regression analysis.
Markers Site
IgA (NL) IgG (NL) IgA (IS) IgG (IS)
r β p Value r β p Value r β p Value r β p Value
IgA NL ⋯ ⋯ ⋯ .585 .504 .003
IgG NL .585 .504 .003 ⋯ ⋯ ⋯ .599 .555 .002
MMP‐9 NL .600 .600 .001
MPO NL .672 .759 <.001 −.479 −.457 .013
IgA IS .754a .769a <.001
IgG IS .599 .555 .002 .754a .769a <.001
NE IS .420 .311 .041 .425 .302 .03
TIMP‐1 IS −.414 −.354 .044 .440 .315 .009
Note: r corresponds to the partial Pearson coefficient of correlation between two variables, irrespective of other independent variables; β corresponds
to the angular coefficient (inclination) in relation to the explanatory variable. Values of all markers were logarithmically transformed to become
homogenous.
Abbreviations: IgA, immunoglobulin A; IgG, immunoglobulin G; MMP‐9, matrix metallopeptidase; MPO, myeloperoxidase; NE, neutrophil elastase;
TIMP‐1, tissue inhibitor of metalloproteinases 1.
aIS IgA and IS IgG were, initially, predictors of each other. These results were adjusted for IS NE and IS TIMP‐1 in another regression analyses, which
revealed IS IgA as a stronger predictor of IS IgG.
MAUCH ET AL. | 5
120Seite 120
positively correlated with IgG levels in NL (Figure 2A), and, after
regression analysis, they were found to be predictors of IgG levels in
NL, while NLF IgA did not significantly correlate either with IgA or
IgG in IS (Table 4).
IgA levels had a positive correlation with MMP‐9 and MPO in NL,
where MMP‐9 predicted the IgA levels and MPO concentration was
predicted by IgA. On the other hand, IgG levels were negatively
correlated with MPO in NL and TIMP‐1 in IS, and positively corre-
lated with NE in IS. TIMP‐1 concentration in IS was a predictor of IgG
levels in both NL (where it predicted lower IgG levels) and IS (where
it was positively correlated with IgG). NE concentration in IS were
positively correlated with IgG levels in NL (Figure 2B) and were
found to be predictors of IgG levels in NL and IgA levels in IS, after
regression analysis. IgG levels were predictors of lower MPO levels in
NL (Table 4).
4 | DISCUSSION
Although the unified airway hypothesis has been increasingly corrobo-
rated, when it comes to the course of the development of P. aeruginosa
chronic lung infection in CF (see Section 1), little is known about the
immunological mechanisms of pathogen‐host interaction in the UAW
and about mechanisms of UAW‐LAW interaction in CF as a whole.
The original support for sinus‐lung communication in CF relies on
microbiological findings.19 Our findings show that the antibody
response supports this theory and may explain the reduced tissue
damage seen in the UAW, where the response was predominantly
IgA‐mediated. We also show a potential role of IgG in UAW‐LAW
communication, where IgG levels in induced sputum were found to
be a predictor of IgG levels in nasal lavage (Figure 2 and Table 4).
The predominance of the anti‐P. aeruginosa IgA over IgG
response both in NL and IS and the finding that IgA was a predictor of
IgG in both samples are in agreement with the literature and stresses
the IgA role in the local mucosal response, which is elicited to pre-
vent the pathogens' adherence to the mucosa.11,20 The low IgG levels
in these secretions are expected, as the IgG response is essentially
systemic, with transudation to the mucosal secretions,21 a path that
is apparently opposite to that followed by IgA.13 Significantly higher
IgA levels in NL, in comparison with IS, corroborate previous find-
ings12,13 and point to a less inflammatory response against P. aeru-
ginosa in the UAW, which is reinforced by the significantly lower
levels of inflammatory markers in NL (Table 2). Surprisingly, however,
we also found a significantly higher anti‐P. aeruginosa IgG levels in NL
than in IS. The IgG response is commonly associated with neutrophil
recruitment, which, in turn, is a remarkable feature of LAW infection
in CF,22 as indicated by the increased levels of proinflammatory
markers in IS (Table 2). We and other groups have previously shown
that systemic specific IgG levels are increased in CF patients with
chronic P. aeruginosa lung infection.23–27 We cannot rule out the in-
fluence of the sample type in our results. While NLF was analyzed
without being diluted, IS samples are denser and needed to be di-
luted for a more reliable analysis. Also, the antibodies are likely to be
embedded in the dense sputum mass, which can hamper their de-
tection by ELISA. The bronchoalveolar lavage fluid could be more
comparable to NLF, but our intention was to focus on noninvasive
collection methods for everyday and repeated assessment of both
airway levels.
The IgA levels in both compartments are not in agreement with
the status of the P. aeruginosa infection in both LAW and UAW. There
were increased NLF IgA and IS IgA levels in patients without chronic
UAW and LAW infection, respectively, which led to the absence of
statistical difference in relation to their chronically infected coun-
terparts, in this aspect. This is contrasting with previous studies of
our group that showed agreement between IgA levels and P. aeru-
ginosa UAW and LAW colonization/infection.13,14 We can speculate
F IGURE 2 Positive correlations given by the Pearson correlation test (univariate analysis) between (A) immunoglobulin G (IgG) levels in the
nasal lining (NL) and IgG levels in induced sputum (IS) and (B) NE concentration in IS and IgG levels in NL. More details are shown in Table 3
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that these results mean the presence of UAW infection not detected
by microbiological NL culture but indicated by increased local IgA
response, as most patients without chronic UAW infection had a
history of LAW infection with P. aeruginosa, and the UAW can be the
first niche of infection.5,19 Moreover, not all sinuses are likely to be
sampled by nasal lavage28; thus, P. aeruginosa detection may be un-
derestimated.28 Regarding LAW infection, in a recent three‐year
follow‐up, we found a persistent IgA response in saliva even after
apparent eradication of P. aeruginosa in the LAW, and increased IgA
levels in saliva showed association with up to 12.5‐fold increased risk
of exposure to P. aeruginosa in the LAW.15 In other studies of our
group, concentrations of the proinflammatory cytokines IL‐1β, IL‐6,
and IL‐8 in NL taken before new detection of P. aeruginosa in the
LAW were comparable with those of patients who were free of P.
aeruginosa infection. Most interestingly, at the time of P. aeruginosa
detection, irrespective of whether P. aeruginosa occurred in the UAW
or LAW, IL‐8 concentrations doubled, and IL‐6 concentrations tended
to increase in NL.29 Thus, early UAW assessment may be a window
into LAW inflammation. Likewise, a longitudinal analysis with a
higher number of patients is necessary to evaluate the diagnostic and
prognostic utility of IgA measurement in NL and IS.
The correlation between IgA, MPO, and MMP‐9 in the UAW is an
interesting finding of our study. MPO is a marker of oxidative stress, is
produced mainly by neutrophils and, to a lesser degree, by monocytes
and macrophages.30 However, due to the inverse correlation between
MPO and IgG in NL and as IgA was a predictor of MPO, this MPO
production is possibly a result from the activity of macrophages pro-
duced during the IgA response (or release) against P. aeruginosa infec-
tion in the UAW, as IgA is associated with a higher macrophage
recruitment and reduced neutrophil amount.12 Conversely, MMP‐9 was
an isolated predictor of IgA, meaning that it can trigger the IgA re-
sponse. MMP‐9 is a protease produced mostly by PMNs and acts in
many ways, especially by degrading components of the extracellular
matrix. Its role in the CF lung disease is well described and it has a
dramatic increase during episodes of pulmonary exacerbations.31–34
The knowledge about the role of MMP‐9 in UAW disorders is recent. A
study showed increased MMP‐9 expression in the bone and in the
mucosa of patients with CRS and osteitis, despite intranasal and post-
operative use of steroids, suggesting a role of MMP‐9 in the patho-
genesis of osteitis.35 Recently, an increased MMP‐9 expression was
shown in advanced stages of nasal polyposis, followed by suppression of
the antiprotease TIMP‐2.36 However, the MMP‐9 expression seems not
to be correlated with the severity of nasal polyposis.37,38 We have
previously shown an increased MMP‐9 concentration in the UAW of CF
patients when compared to controls, and this concentration decreased
after intravenous antibiotic therapy.39 In the present study, if we con-
sider that MMP‐9 causes tissue damage and IgA is a protective anti-
body,40 the IgA response in the UAW mucosa may counterbalance the
MMP‐9 production. Something similar may happen in the LAW, where
NE predicted IgA in IS. The role of NE is also well described in the
CF lung disease, where free or bound NE is detected very early and
predicts the occurrence of bronchiectasis later in life.41 At the same
time, TIMP‐1 was a predictor of IgG in IS. As IgG is associated with
PMN‐mediated inflammatory responses12 and TIMP‐1 acts in the re-
modeling of the extracellular matrix by repairing damages caused by
metalloproteinases,42 TIMP‐1 production may regulate the IgG re-
sponse. To the best of our knowledge, there are no reports in the
literature investigating such a relationship. Taken together, these find-
ings suggest that, both during UAW and LAW infection, innate immune
mediators are crucial to elicit and regulate the activity of anti‐P. aeru-
ginosa antibodies. We also suggest an essential role of specific anti‐P.
aeruginosa IgA against protease‐induced tissue damage.
The finding that immune markers in IS, namely NE, TIMP‐1, and
anti‐P. aeruginosa IgG predicted anti‐P. aeruginosa IgG levels in NL is
intriguing. This is uncommon not only in CF but in any chronic
inflammatory respiratory disease. Interaction between UAW and LAW
was previously suggested in allergic rhinitis and asthma, and, appar-
ently, postnasal drips are determinant for the severity of LAW
disease.43,44 However, there is no evidence that LAW disease can
influence the host response in the UAW. In a previous study, we did
not find a correlation between inflammatory mediators at different
airway levels.10 With the present results, we suggest a potential role of
anti‐P. aeruginosa IgG in the UAW‐LAW crosstalk. Although it is difficult
for us to explain this possible relationship, due to the lack of studies in
the literature, we believe that these findings should not be neglected,
and further investigation is needed to better understand the mechan-
isms of interaction between these two airway compartments.
Our study has several limitations, especially its cross‐sectional
design and selection bias, as we have assessed a relatively small
cohort of patients seen in a single center, which limits our statistical
power. This also prevented the determination of positive cutoffs for
the anti‐P. aeruginosa IgA and IgG ELISA tests, hindering a more ac-
curate analysis of their diagnostic utility. Also, as we said previously,
there are divergences in the IgA and IgG levels, both in NL and IS,
regarding our patients' P. aeruginosa infection status, which can be
better addressed in a longitudinal analysis. Some immune mediators
were not detected, and others were detected only in a small part of
our patients, preventing us from assessing their relationship with the
anti‐P. aeruginosa IgA and IgG response in the LAW and UAW. On the
contrary, nasal lavages were performed routinely in every patient at
every presentation at our CF center, by two nurses, so that UAW
sampling methods are performed equally on a high standard. Also,
although not all sinuses are likely to be reached by nasal lavage, we
collect secretions that are drained from the sinuses, and drainage is
the only way to get secretions out of the hollow spaces without
a second exit. This is important when considering a noninvasive
sampling approach like nasal lavage.
5 | CONCLUSION
We bring findings that may be valuable for understanding the
dynamics of UAW‐LAW interaction in the CF respiratory disease, an
issue that still needs to be better explored. Our study corroborates
the role of the humoral immune response against P. aeruginosa UAW
and LAW infection in CF and highlights the IgA prominence in the
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mucosal response. Proteases seem to play a role both in triggering
the antibody response in both airway levels—MMP‐9 in the UAW and
NE in the LAW—and may be useful as diagnostic and therapeutic
targets in the CF lung disease. The antiprotease TIMP‐1 was a pre-
dictor of IgG levels in IS and may be a regulator of the IgG response
during LAW infection. The IgA response is more prominent in the
UAW than in the LAW, which characterizes a less inflammatory
response in the UAW. Three markers in IS—NE, TIMP‐1, and
anti‐P. aeruginosa IgG—were predictors of anti‐P. aeruginosa IgG in
NL, which is an interesting result and underlines the UAW‐LAW
interaction in CF, thereby supporting the unified airway hypothesis.
Measuring antibodies and immune mediators in NL and IS may be
useful in the CF diagnostic routine, especially for early detection of
P. aeruginosa infection; however, this should be better assessed in
longitudinal studies, with more patients and should include high‐
throughput analysis, such as gene expression assays, targeting a
higher range of immune markers.
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P U B L I K A T I O N E N  
2.4 Einfluss von NaCl und IV-Antibiosen auf die Inflammation 
2.4.1 Dynamics of soluble and cellular inflammatory markers in nasal lavage 
obtained from cystic fibrosis patients during intravenous antibiotic 
treatment. 
Hentschel J, Jäger M, Beiersdorf N, Fischer N, Doht F, Michl RK, Lehmann T, Markert 
UR, Böer K, Keller PM, Pletz MW, Mainz JG. BMC Pulm Med. 2014 May 13;14:82
96
.  
Das die intravenöse (IV) Antibiotika-Therapie nicht nur die Keimbesiedlung verändert, 
sondern auch Auswirkungen auf die Immunantwort hat, war aus Studien zu den unteren 
Atemwegen bereits bekannt
97
. Durch die nasale Lavage stand nun auch ein nicht-invasiv 
gewonnenes Korrelat für die oberen Atemwege zur Verfügung. Erstmals untersuchten wir, 
ob Inflammationsmarker in den oberen Atemwegen als Zielparameter für therapeutische 
Interventionen nutzbar sind.  
Die IV-Therapie wird üblicherweise im stationären Rahmen begonnen und dann Zuhause 
fortgesetzt. Wir sammelten Proben von 17 Patienten vor und während einer elektiven IV-
Therapie, solange sich die Patienten im Krankenhaus befanden. Es ergab sich daher eine 
mediane Dauer von 6 Tagen (Spanne 2-14 Tage) zwischen der Ausgangsprobe und der Probe 
unter Therapie. In den NL-Proben bestimmten wir MMP9, MPO, RANTES, IL-1β, IL-6, IL-8und 
TNF über BeadArray und NE über ELISA. Es wurden zytologische und mikrobiologische 
Analysen durchgeführt. Zusätzlich verglichen wir die Werte der immunologischen Reaktion 
mit denen von 52 gesunden Kontrollpersonen. Unter Therapie sank das Rückflussvolumen 
der NL bei den CF-Patienten, möglicherweise verursacht durch Sekretmobilisation. Es zeigte 
sich kein Einfluss auf die zytologischen Parameter wie die Gesamtzellzahl oder Anteile der 
PMNs/MNs. Die Konzentration der Mediatoren MPO, IL-8, IL-6 und IL-1β war in der CF-
Kohorte deutlich höher. Zum ersten Mal konnten wir für CF-Patienten zeigen, dass eine IV-
Antibiose Einfluss auf die Immunantwort in den oberen Atemwegen hat. Besonders 
eindrücklich zeigte sich dies für RANTES und IL-6. Die Werte waren bei allen Patienten nach 
Therapie deutlich niedriger als vor Beginn, im Median sanken die Werte für RANTES von 288 
pg/µl auf 25 pg/µl und für IL-6 von 45 pg/µl auf 1 pg/µl (entspricht bei IL-6 den Werten für 
gesunde Kontrollen). Fazit: Die nasale Lavage ist ein geeignetes Werkzeug für die 
Wirksamkeitskontrolle von therapeutischen Interventionen. Bereits eine im Mittel 6tägige 
IV-Therapie zeigte eine Reduktion von nasaler Inflammation, teilweise bis auf den Bereich 
von gesunden Kontrollpersonen. 
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Dynamics of soluble and cellular inflammatory
markers in nasal lavage obtained from Cystic
Fibrosis patients during intravenous antibiotic
treatment
Julia Hentschel1*, Manuela Jäger1, Natalie Beiersdorf1, Nele Fischer1, Franziska Doht1, Ruth K Michl1,
Thomas Lehmann2, Udo R Markert3, Klas Böer4, Peter M Keller5, Mathias W Pletz6 and Jochen G Mainz1
Abstract
Background: In cystic fibrosis (CF) patients, the upper airways display the same ion channel defect as evident in
the lungs, resulting in chronic inflammation and infection. Recognition of the sinonasal area as a site of first and
persistent infection with pathogens, such as Pseudomonas aeruginosa, reinforces the “one-airway” hypothesis.
Therefore, we assessed the effect of systemic antibiotics against pulmonary pathogens on sinonasal inflammation.
Methods: Nasal lavage fluid (NLF) from 17 CF patients was longitudinally collected prior to and during elective
intravenous (i.v.) antibiotic treatment to reduce pathogen burden and resulting inflammation (median treatment
time at time of analysis: 6 days). Samples were assessed microbiologically and cytologically. Cytokine and
chemokine expression was measured by Cytometric Bead Array and ELISA (interleukin (IL)-1β, IL-6, IL-8, MPO, MMP9,
RANTES and NE). Findings were compared with inflammatory markers from NLF obtained from 52 healthy controls.
Results: Initially, the total cell count of the NLF was significantly higher in CF patients than in controls. However
after i.v. antibiotic treatment it decreased to a normal level. Compared with controls, detection frequencies and
absolute concentrations of MPO, IL-8, IL-6 and IL-1β were also significantly higher in CF patients. The detection
frequency of TNF was also higher. Furthermore, during i.v. therapy sinonasal concentrations of IL-6 decreased
significantly (P = 0.0059), while RANTES and MMP9 levels decreased 10-fold and two-fold, respectively. PMN-Elastase,
assessed for the first time in NFL, did not change during therapy.
Conclusions: Analysis of NLF inflammatory markers revealed considerable differences between controls and CF
patients, with significant changes during systemic i.v. AB treatment within just 6 days. Thus, our data support
further investigation into the collection of samples from the epithelial surface of the upper airways by nasal lavage
as a potential diagnostic and research tool.
Keywords: Cystic Fibrosis, Paediatric pulmonology, Upper airways (UAW), Nasal lavage, Inflammation, Cytokines,
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Cystic fibrosis (CF) is the most common autosomal reces-
sive disorder in the Caucasian population and is caused by
mutations in the Cystic Fibrosis Transmembrane Con-
ductance Regulator (CFTR) gene (chromosomal position
7q31.2), leading to altered chloride ion exchange and
hyperviscous mucus in the affected organs. Patients also
suffer from recurrent infections of the respiratory tract
and chronic inflammation, which leads to tissue remodel-
ling and finally to premature death caused by respiratory
insufficiency [1]. The causative CFTR defect also affects
sinonasal mucosa, so that almost 100% of CF patients re-
veal a pathological sinonasal computer tomography [2]. In
addition to impairing the patient’s quality of life, the in-
volvement of the upper airways (UAW) in CF has the po-
tential to aggravate the overall course of disease. Most
importantly, sinonasal involvement in CF facilitates de
novo and persistent airway colonisation with pathogens
including Pseudomonas (P.) aeruginosa [3,4], which is the
major cause of morbidity and mortality. Thus, cross-
colonisation between the airway levels is evident as P.
aeruginosa strains in sputum and UAW specimens in pa-
tients who harbour the pathogen in both airway levels are
genetically identical [4-6]. Additionally, the paranasal si-
nuses have been identified both as a site for the diversifi-
cation of P. aeruginosa before spreading into the lower
airways [7] and as a site of persistence in CF patients who
underwent lung transplantation, whereupon these clones
colonise the transplanted lungs that were primarily free
from P. aeruginosa [8]. It was shown that sinus surgery to-
gether with an intensive antibiotic follow-up treatment, as
well as conservative methods such as sinonasal inhalation
using vibrating aerosols, can eradicate P. aeruginosa from
the upper airways and so decrease pulmonary infection
events [3,9]. Therefore, it is very important to recognize
the upper and lower airways as a “one-airway system”
and not neglect the upper airways in the routine care of
CF patients [10].
Nasal lavage (NL), which is frequently used in the field
of allergies, e.g. for monitoring of provocation effects
[11], is the most sensitive method for non-invasive as-
sessment of pathogen colonisation of the UAWs [4].
Polymorphonuclear leukocytes (PMN) are major players
in the first line of defence against pathogens. Most pro-
teases and cytokines important for host defence and in-
flammation are released by neutrophil cells. Pulmonary
secretions from CF patients obtained by bronchoalveo-
lar lavage (BAL) revealed elevated levels of interleukin
(IL)-1β, IL-6 and TNF, especially in patients infected
with P. aeruginosa [12,13]. Moreover, recently Paats et al.
reported significantly elevated IL-6 concentrations in the
NL of CF patients during acute exacerbations, compared
with controls 3 months later. Systemic IL-6 levels corre-
lated significantly to several clinical parameters in both
stages of disease. In our previous study assessing the NL
of CF patients [14], IL-1β and IL-6 were detected more
frequently in CF compared with healthy controls. In con-
trast, TNF that had been elevated in the BAL of CF pa-
tients was not detectable in the NL-fluid (NLF) of CF and
healthy controls [14]. However, especially for IL-1β, IL-6
and TNF, differences in cytokine expression between
upper and lower airways and peripheral blood were ob-
served, suggesting a compartmentalised local inflamma-
tory response [15,16]. IL-8 encourages neutrophils to
leave the circulation and migrate into the tissue. In the
NLF of CF patients, IL-8 was detected more frequently
than in healthy controls [14]. An increase of PMNs and
IL-8 in the upper airways of CF patients has also been re-
ported [17]. IL-8 mRNA expression was increased in CF
patients [18], and IL-8 levels in UAW and in the lower air-
ways (LAW) showed a significant correlation [19].
Myeloperoxidase (MPO) is produced by stimulated neu-
trophils and catalyses the production of various oxidants
[20,21]. Elevated MPO is an established marker for neutro-
phil activity as it is released in oxidative bursts. In the re-
cent work by Beiersdorf et al. [14], MPO was elevated in
the NL of CF patients compared with healthy controls.
Matrix metalloproteinase 9 (MMP9), also produced by neu-
trophils, is involved in the breakdown of extracellular
matrix proteins such as elastin or collagen [22]. MMPs are
physiologically cleaved by tissue inhibitors of metallopro-
teinases (TIMPs) and are involved in physiological pro-
cesses including tissue remodelling, but also in pathological
processes when their balance is disturbed. In the literature,
the role of the serine protease neutrophil elastase (NE),
which is released on stimulation with TNF or IL-8 [23], has
been intensively studied in the lower airways of CF patients,
but little is known of its relevance in the upper airways.
Normally, NE plays an important role in the processing
and release of cytokines (e.g. IL-6 [24]), modulation of
immune cell activity and mucus secretion [25]. It is also im-
portant in the defence against gram negative bacteria in-
cluding P. aeruginosa by cleaving bacterial cell surface
structures, such as flagella. In the CF lung, NE is over-
expressed leading to dysfunction of the innate and adaptive
immune systems. RANTES/CCL5 (regulated on activation,
normal T cell expressed and secreted) is a chemoattractant
that recruits and activates eosinophils and this was shown
to be elevated in nasal polyps of CF patients [26].
Non-invasively collected NL from the patient’s UAW
epithelial lining fluid can open the field to monitor air-
way colonisation, host defence and inflammation, which
has rarely been considered in the recent literature. In par-
ticular, monitoring inflammatory mediators in NLF during
interventions as a non-invasive outcome parameter re-
quires further investigation. The aim of the present study
is to assess changes in leukocyte populations and expres-
sion of IL-1β, IL-6, IL-8, TNF, RANTES, MPO, MMP9
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and NE in the upper airways of CF patients during
systemic antibiotic (AB) treatment to establish a better
understanding of inflammation and immune defence
mechanisms. The findings were also compared with in-
flammatory markers in NLF from a healthy control group.
Methods
Study population
Paediatric and adult patients, diagnosed with CF by two
sweat tests and/or detection of two causative CFTR-muta-
tions, who electively received systemic i.v. AB treatment,
were prospectively included in the study at the CF Centre,
Jena University Hospital, between August and December
2010. All patients were chronically colonised with high-
risk pathogens. They were treated electively with i.v. AB,
according to a standard used in many European CF
Centres [27] to reduce pathogen burden, inflammatory re-
sponses and pulmonary destruction. The inclusion criteria
were the ability to perform NL (see below) and be CF pa-
tients receiving elective i.v. AB treatment as part of their
routine care. The exclusion criteria were perforation of
tympanic membranes and a previously initiated systemic
AB therapy within the previous 2 weeks. Only azithromy-
cin (AZM) therapy was allowed and documented.
Sinonasal samples were taken directly before and dur-
ing/after i.v. therapy. Chronic rhinosinusitis (CRS) in CF
patients was diagnosed according to the European position
paper on rhinosinusitis and nasal polyps 2012 (EPOS) [28].
Clinical data (e.g. lung function, systemic inflammation)
were assessed only before, and not after, AB treatment as
patients completed treatment at home.
The 52 healthy controls were recruited as described
previously [14].
Ethics statement
All patients (or parents of minors) gave their written in-
formed consent. The study was approved by the Ethics
Committee of the Jena University Hospital.
Nasal lavage (NL)
Sampling
NL was performed as previously described [4,29] using
10 mL of sterile isotonic saline (NaCl) for each nostril.
Backflow was rinsed into a sterile plastic cup supported
by the patient breathing out lightly.
NL processing
Recovered volumes were measured before aliquoting. An
aliquot was directly sent for microbiological analysis (see
below). Another aliquot was used for cytological analysis
after stabilising cells in 10% foetal calf serum (FCS, Bio-
chrom, Berlin, Germany). The lavage sample was centri-
fuged (160×g, 10 min, RT), supernatant discarded and the
pellet resuspended in 1 mL 0.9% NaCl supplemented with
10% FCS. The remaining volume of NLF was divided; one
part was stored without centrifugation (natively) at −80°C,
the other one was centrifuged (160×g, 10 min, RT), and
supernatant was frozen at −80°C within 45 minutes of
sampling. A protease inhibitor cocktail (Protease Inhibitor
Mix G, Serva, Germany) was added to each aliquot prior
to freezing. The protein concentration was measured in
single assays at a wavelength of 280 nm using a NanoDrop
ND 1000 spectrophotometer (Thermo Fisher Scientific
Inc., Waltham, MA, USA).
Cytological analysis
Analysis of the total cell count and the automated differ-
entiation of cells was performed using a XE-5000 haemo-
cytometer (Sysmex, Norderstedt, Germany) in Body Fluid
Modus. For cytological differentiation, cytospin prepara-
tions of 100 cells were prepared.
Microbiological analysis
Microbiological analyses were performed according to
European standards [30]. Permanent and intermittent
colonisation was determined using the criteria published
by Lee et al. [31], where chronic colonisation is when
more than 50% of cultures within the preceding year are
positive and intermittent colonisation is if less than 50%
of cultures are positive for a given pathogen.
Immunological analysis
Cytometric bead array and FACS analysis
Analysis of MMP9, MPO, RANTES, IL-1β, IL-6, IL-8
and TNF was carried out using a Cytometric Bead Array
(FlowCytomix, eBioscience, San Diego, CA, USA) followed
by flow cytometry (FACS Calibur, BD, Franklin Lakes, NJ,
USA) as described elsewhere [14]. The results were evalu-
ated using FlowCytomix Pro 2.3 software (eBioscience,
Frankfurt, Germany). Bead array experiments were done
in single assays. Table 1 provides details of the detection
limits.
ELISA
NL PMN-Elastase (NE) concentrations were determined in
duplicates of 100 μl NLF using the PMN-Elastase ELISA
according to the manufacturer’s instructions (eBioscience,
No. BMS269). An automated washer (SLT Typ Columbus,
Labtechnologies, Austria) was used to wash plates and a
FluoStar Galaxy spectrometer (BMG Labtechnologies,
Offenburg, Germany) was used for detection.
Body Mass Index (BMI)
Our study population includes children and adults. For
children and adolescents, the WHO classification of under-
weight, normal and overweight are not suitable. Moreover,
for people with chronic diseases leading to malnutrition
and delayed growth, the usage of BMI can be problematic.
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Therefore, we used the BMI SDSLMS, which matches size,
weight, age and gender and allows the comparison of chil-
dren, adolescents and adults within one study [32,33].
Statistical analysis
Experimental data were evaluated with SPSS 19 (IBM,
Ehningen, Germany), MS Excel (Redmont, USA) and
GraphPad Prism 5 (LaJolla, USA). Descriptive statistics
of cytokines were expressed as a median ± range for pa-
tients and healthy controls. Longitudinal values of cyto-
kines were compared using Wilcoxon Test for matched
pairs. Comparison with healthy controls was performed
using the Mann–Whitney U-Test and Fisher’s Exact test.
Correlations between the measured cytokine values and
clinical or serological parameters were calculated using
Spearman’s Rho. Bonferroni Alpha correction was per-
formed for all parameters tested with Spearman, Fisher’s
Exact test and Mann–Whitney U. We tested for seven in-
flammatory markers and total cell count. P-values of these
analyses were multiplied by the number of applied tests.
P-values of < 0.05 were considered statistically significant.
Results
Demographic data
The mean age of the 17 CF patients (10 females and
seven males) was 22.7 years (range 7–39, SD 8.2). Nine
patients were homozygous for the CF mutation F508del,
and eight patients were heterozygous. Further class 1–3
mutations (394delTT, M1303K, G551D, 2183AA >G)
were found in four patients and class 4–5 mutations
(R347P, 2789 + 5G >A) were also present in four patients.
The median hospitalisation time was 6 days (range 2–14),
and i.v. therapy was continued in most patients as home
treatment for a total of 14 days.
The 52 healthy controls were within the range of 9–60
years old, with a mean age of 31.9 years (SD 13.7; 36
females and 14 males), and were used for a previously
published study [14].
The second sample was gathered within a median of
6 days after beginning i.v. therapy (range 2–14 days). In
the majority of patients, AB therapy was initialised in
hospital and continued at home for a total duration of
14 days. It was directed against P. aeruginosa (in 15/17
patients), S. aureus or S. aureus + H. influenzae (one pa-
tient each) (see Tables 2 and 3 for therapy details). Demo-
graphic and serological data and clinical characteristics of
the included patients are shown in Tables 2 and 3.
Serological data
Erythrocyte sedimentation rate (ESR) was elevated in
85% of patients (11/13, range 1 h 1–61 mm/h, 2 h 9–
104 mm/h) and CRP in 41% (7/17, median 5.60 mg/L,
range 2–47 mg/L). IgG was elevated in 35% of patients
(6/17, median 13.30 g/L, range 5.85–19.50 g/L), IgA
(median 1.84 g/L, range 0.07–6.60 g/L) and IgE (median
76.80 KU/L, range 1.90–1944.00 KU/L) in 5/17 patients
Table 1 Inflammation markers in controls and CF patients before and during AB treatment
Analyte DL














MMP9 (ng/mL) 0.095 n.m. 100.0 100.0 --- n.m. 11.4 5.5 n.m. 2.02-122.2 1.8-25.2 0.0523‡
MPO (ng/mL) 0.2 71.2 100.0 100.0 0.0008◊† 33.4 215.3 171.9 0.1-182.7 54.36-531.1 21.4-533.4 0.0008◊†
0.7404‡
IL-8 (pg/mL) 0.5 61.5 94.1 88.2 0.0008◊† 92.6 1145.3 756.1 0.4-11514.8 0.4-1976.7 0.4-2265.6 0.0008◊†
0.7728‡ 0.4488‡
IL-6 (pg/mL) 1.2 1.9 60.0 46.7 0.0008◊† 0.1 45.1 1.1 1.1-80.2 1.1-104.9 1.1-40.2 0.0008◊†
0.4237‡ 0.0059‡
IL-1β (pg/mL) 4.2 3.8 73.3 60.0 0.0008◊† 4.1 174.5 130.6 4.1-152.8 4.1-779.3 4.1-1052.8 0.0008◊†
0.3428‡ 0.8311‡




25.0 n.m. 73.3 53.3 0.1294‡ n.m. 287.7 25.0 n.m. 25.0-1612.0 25.0-646.4 0.0942‡
NE (ng/mL) 0.16 n.m. 100.0 100.0 --- n.m. 0.9 0.8 n.m. 0.27-5.0 0.3-11.4 0.9382‡
◊P-value between controls and CF before therapy (after Bonferroni adjustment), †P-value between controls and CF during therapy (after Bonferroni adjustment),
‡P-value between CF before and during therapy. DL = Detection Limit, n.m. = not measured.
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(29.4%). IgM was within the normal range in all 17
patients (median 1.23 g/L, range 0.67–2.01 g/L). Fibrino-
gen, as a marker for chronic inflammation, was elevated




NL backflow volume did not differ in CF patients prior
to and during therapeutic intervention (median 12.0 mL,
range 8–16 mL and 11.0 mL, range 10–13 mL,
Table 2 Clinical and serological characteristics of included patients (nominal variables)
Nominal variables n Absolute frequency
Gender (f/m) 17 10 (53.3%)/7 (47.7%)
Body Mass Index (BMI) scoring*1
17
3 (17.7%)/3 (17.7) /11 (64.7%)/0 (0%)
Severe under-/under-/normal-/overweight
Pancreatic insufficiency 17 13 (76.5%)
Diabetes mellitus 17 6 (35%)




EPOS criteria for CRS at inclusion [28]: No Acute remittent Chronic
Nasal blockage or obstruction or congestion 3 (17.6%) 2 (11.8%) 12 (70.6%)
Anterior or posterior nasal drip 2 (11.8%) 4 (23.5%) 11 (64.7%)
Facial pain or pressure 15 (88.2%) 1 (5.9%) 1 (5.9%)
Reduction or loss of smell 12 (70.6%) 0 4 (23.5%)
Allergic rhinitis 17 7 (41%)
Allergic Bronchopulmonary Aspergillosis (ABPA) 17 2 (11.8%)
History of nasal surgery 17 6 (35%)
Therapy
17
Current azithromycin 13 (77%)
Current steroids nasal 4 (24%)
Recombinant DNase 8 (47%)
i.v. ABs (twice per day, mg/kg):
Ceftazidim (200)/tobramycin (10) 11 (65%)
Tobramycin (10)/meropenem (100) 5 (29%)
Ceftazidim (200)/tobramycin (10)/meropenem (100) 1 (5.9%)
Permanent colonisation LAW with*2: 15 (88%)
P. aeruginosa (mucoid) 17 13 (76.5%)
P. aeruginosa (non-mucoid) 4 (23.5%)
S. aureus 7 (41%)
Permanent/intermittent colonisation UAW with*3: 7 (41.2%)/5 (29.4%)
P. aeruginosa (mucoid) 7 (41.2%)
P. aeruginosa (non-mucoid) 13 (76.5%)
S. aureus 3 (17.7%)/ 4 (23.5%)
P. aeruginosa serum antibody positive:
15
Alcaline protease 3 (20%)
Elastase 6 (40%)
Exotoxine A 4 (27%)
*1: SDSLMS: Standard-Deviation-Score; L = Box cox-power transformation, M =median, S = variation coefficient.
*1: BMI scoring was carried out according to [33].
*2: Permanent and intermittent colonisation was stated using the criteria published by Lee et al. [31], where the authors define a chronic colonisation if more than
50% of cultures within the last year were found to be positive and intermittent if less than 50% of cultures within the last year were found to be positive.
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respectively, P = 0.62). However, in healthy controls,
the recovery was slightly higher (median, 15.0 mL, range
6–18 mL, P < 0.0001, Figure 1A).
Protein concentration
The median NLF protein concentration was 0.25 mg/mL
(range 0.08–0.63 mg/mL) in CF patients prior to therapy
and 0.27 mg/mL (range 0.17–1.33 mg/mL) for CF patients
during therapy. The median NLF protein concentration of
the controls was 0.22 mg/mL (range 0.08–1.70 mg/mL).
Standardisation of analyte concentrations to protein con-
centration did not change the significance levels of the re-
sults (see Figure 1B).
Cytological analysis
The total cell count was lower in healthy controls (me-
dian 27 cells/mL, range 0–1723 cells/mL) than in un-
treated CF patients (median 108 cells/mL, range 6–744
cells/mL), although the differences did not reach statis-
tical significance (P = 0.088). After 6 days of i.v. AB ther-
apy, the median total cell count decreased to a level
comparable to that in healthy controls (median 28 cells/
mL, range 5–150 cells/mL; P = 0.104, Figure 2A). As
shown in Figure 2B and 2C, some non-significant trends
were seen in the distribution of cell types. Total PMN and
mononuclear cell (MN) counts were lower in healthy con-
trols compared with CF patients before and during i.v. AB
treatment. The proportion of PMNs of total leukocytes
Table 3 Clinical and serological characteristics of included patients (metric and ordinal variables)
Metric and ordinal variables n Mean SD Median Range
Age (yrs.) 17 22.7 8.2 22.0 7-39
Weight (kg) 17 51.7 14.6 51.4 22.0-73.3
Height (cm) 17 160.9 15.57 162 117.8-180
BMI (kg/m2) 17 19.5 3.2 20.4 12.6-24.2
SDSLMS
*1 17 −1.2 1.3 −1.1 −5.5-0.1
ESR after 1/2 h (mm/h) 13 21.2/42.3 18.1/28.7 18/41 1-61/9-104
CRP (mg/l) 17 12.5 13.8 5.6 2.0-47.0
FEV1 (l)/(% predicted) 17 1.9/62.7 0.8/24 1.7/65.5 0.8-3.9/24.3-108.6
MEF75/25 (l)/(% predicted) 15 1.7/46 2.03/39 1.1/30 0.3-7.9/7.4-153.3
Shwachman Score (without chest X-ray) 17 68.2 10.0 70.0 35.0-75.0
Total IgE (KU/l) 17 249.7 481.1 76.8 1.9-1944.0
Total IgG (KU/l) 17 13.8 4.1 13.3 5.9-19.5
Retrieved NL volume prior therapy (mL) 15 11.5 2.0 12.0 8.0-16.0








































































Figure 1 Differences in NLF recovery volumes (A) and protein concentrations (B) between healthy controls and CF patients, before and
during i.v. AB therapy. For NL, each nostril was rinsed with 10 mL of isotonic saline (total volume: 20 mL).
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was higher in healthy controls compared with CF before
and during therapy. Conversely, the proportion of MN
was lower in healthy controls compared with CF.
Comparison of inflammatory markers in healthy controls
and CF patients prior to and during i.v. AB therapy
Detection frequency and concentrations of all measured
inflammatory markers were significantly higher in CF
patients compared with healthy controls (see Table 1).
During AB therapy the median detection frequencies of
IL-8, IL-6, IL-1β and RANTES decreased, while MMP9,
MPO and NE detection frequencies did not change. For
TNF, a slight increase in detection frequency during
treatment was found. When the concentration of inflam-
matory markers was analysed, a decline in all the ana-
lysed parameters except TNF was observed. Notably, a
strong decrease in IL-6 was found in 16/17 CF patients
during AB therapy (P = 0.0059, Table 1 and Figure 3C and
3D) and also in MMP9 and RANTES, where the median
values declined two-fold and 10-fold, respectively (Table 1,
Figure 3A and 3B and Additional file 1: Figure S1).
Correlations between inflammatory markers during i.v.
AB therapy
MMP9 in NL correlated significantly with MPO both
before and during treatment (r = 0.559, P = 0.020, and
r = 0.578, P = 0.013, respectively, data not shown). Before
AB therapy, there was also was a significant positive cor-
relation between MPO and TNF (r = 0.684, P = 0.005).
IL-8 levels in NL before treatment correlated with IL-8
levels during AB therapy in a highly significant manner
(r = 0.719, P = 0.001). Furthermore, IL-8 correlated with
IL-1β, both before and after therapy (r = 0.658, P = 0.008,
and r = 0.646, P = 0.009, respectively). IL-6 correlated
with MMP9 before and during treatment (r = 0.564, P =
0.029, and r = 0.630, P = 0.007) and RANTES (r = 0.744,
P = 0.001 and P = 0.001, r = 0.797).
TNF correlated with RANTES both before and during
therapy (r = 0.676, P = 0.006 and, r = 0.870, P = 0.001). Dur-
ing i.v. AB treatment, higher values of TNF were associated
with higher values of IL-1β (r = 0.625, P = 0.013) and with
lower concentrations of NE (r = −0.578, P = 0.031). NE
concentrations in NL before and after therapy showed a
significant correlation within the same patient (r = 0.524,
P = 0.037).
Correlation between inflammatory markers and clinical
parameters
Systemic inflammation evaluated by CRP and ESR, as
well as lung function parameters, was only measured
prior to i.v. treatment. We did not find a significant cor-
relation between systemic inflammation markers (CRP
and ESR) and inflammatory mediators measured in NL.
Moreover, some trends were seen for IL-1β that showed
a negative correlation to CRP.
At the starting point of the longitudinal study we found
no significant correlations between FEV1 (% predicted)
and cytokine concentrations, except for MMP9 and IL-1β,
which revealed a trend for a positive correlation.
Discussion
The present study describes, for the first time, changes
in cytokine expression and cytological dynamics in the
NLF of CF patients during i.v. AB intervention.
We have demonstrated that the total cell count in NL,
which was significantly increased in CF patients com-
pared with healthy controls, declined to normal levels
during a median time of 6 days of systemic AB treat-
ment. This corresponds well with findings from the
lower airways (BAL) as previously reported [34].








































































































Figure 2 Differences in NLF total cell counts (A), polymorphonuclear neutrophils (PMN) (B) and mononuclear cells (MN) (C) between
healthy controls and CF patients, before and during i.v. AB therapy.
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Accordingly, the absolute numbers of PMNs and MNs
are lower in healthy controls compared with CF patients.
Indeed, the percentages of PMN vs. MN were slightly
different, but not significantly so, between CF patients
and healthy controls and no change in the percentage
was observed during AB treatment. This may support
the results of Johansen et al. [35], who found a reduced
PMN response, but elevated non-inflammatory secretory
IgA levels, on P. aeruginosa biofilms colonising CF pa-
tients’ upper airways. Furthermore, the level of IgA can
discriminate between non-, intermittent and chronically
colonised patients with the high concentration of IgA in
the last group being used as a diagnostic tool [36]. On this
basis, the authors hypothesise that impaired sinonasal
PMN recruitment gives rise to a failure to eradicate P. aer-
uginosa from the upper airway segment by the immune
system. Moreover, histological studies have revealed an
enhanced presence of mast and plasma cells in sinonasal
tissue from CF patients [37]. Our results also correspond
to those from sputum [38], where AB treatment had no
influence on total or differential cell count in CF lower
airway secretions, which is in contrast to the expected re-
duction of inflammation with therapeutic reduction of
pathogens.
The inflammatory markers MPO, IL-8, IL-6 and IL-1β
were found significantly more often in NLF of CF pa-
tients, when compared with healthy controls. This is in
line with previous findings from retrospective studies
[14]. In addition to the aforementioned cytokines, TNF
concentration in the upper airway lavage was found to
be higher in CF patients compared with controls. For
LAW sampling by BAL, Elizur et al. [39] reported simi-
lar results. Furthermore, the median expression levels of
MPO, IL-8, IL-6, and IL-1β in NLF were significantly
higher in our CF cohort compared with healthy controls.
During i.v. therapy detection the frequency of IL-8,
IL-6, IL-1β and RANTES decreased. Simultaneously,
IL-6 levels in NLF declined significantly. RANTES and
MMP9 decreased to a lower, but not significant, extent.
Notably, the changes of IL-6 in NL are in accordance
with the recent publication of Paats et al. [40]. In this


























































































































Figure 3 Differences in inflammatory markers in healthy controls and CF patients, before and during i.v. antibiotic therapy.
Matrixmetalloproteinase 9 (MMP9) was clearly attenuated during therapy (A). RANTES levels declined under AB treatment (B). IL-6 was found to
be significantly elevated in CF (C), declining during antibiotic treatment in almost all CF patients (D).
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during and approximately 3 months after airway exacerba-
tion. In contrast, our study focused on the change of UAW
inflammation after only 6 days of elective IV antibiotic
treatments. In this regard, the results from Paats et al. and
our study underline that IL-6 is a highly sensitive bio-
marker for infection and antibiotic effects in non-invasively
sampled airway secretions from the upper airways.
Additionally, no changes in the expression levels of
NE, which was detected for the first time in NLF, were
observed during the applied therapeutic intervention.
Also TNF, MPO, IL-8 and IL-1β remained unchanged
during 6 days of therapy. We cannot differentiate whether
this is due to the relatively short period of systemic AB
treatment or the above-mentioned reduced PMN re-
sponse in the upper airways, as suggested by Johansen
et al. who hypothesised the presence of different defence
mechanisms in the upper and lower airways [35]. This is
in line with data from our recent study, where higher neu-
trophil counts and IL-8 levels were detected in sputum
compared with nasal lavage fluid [41]. Moreover, the hy-
pothesis of differences in host defence mechanisms be-
tween the upper and lower airways was also supported by
data from a current work from Michl et al. Nasally ex-
haled nitric oxygen (NO), which is a first-line defence
mechanism in paranasal sinuses, was significantly reduced
in CF patients with elevated CRP and ESR, an effect not
seen in the LAW [42].
Interestingly, there is a strong correlation between dif-
ferent inflammatory markers. MMP9 levels were associ-
ated with MPO and IL-6 levels both prior to and during
therapy. Furthermore, RANTES levels are associated
with TNF and a positive correlation was found to exist
between IL-1β and IL-8 prior to and during therapy. We
analysed protein-protein interactions in-silico, using the
online databank string-db.org (http://string-db.org/). Add-
itionally, other publications have shown a correlation be-
tween MPO and MMP9 [43], but we did not find a direct
interaction between them. It is postulated that MPO acti-
vates MMP9, which is released in an inactive form [44].
As MPO plays an important role during oxidative bursts,
a correlation with other pro-inflammatory markers may
be due to increased Reactive Oxygen Species (ROS). Ex-
pression of MMP9 is induced by IL-1β, IL-6 or TNF
[45,46], and IL-1β increases IL-6 expression [47]. IL-1β is
degraded by MMPs, a process that can be blocked by
TIMP-1 [48]. For IL-6 and RANTES no direct interac-
tions were listed, but both markers are elevated in tissues
infected with P. aeruginosa [49] and during acute pulmon-
ary exacerbation in CF patients [50]. An interaction be-
tween IL-1β and IL-8 has been described previously: IL-1β
stimulates IL-8 expression [51], and binds and activates
IL-8. ROS stimulates the release of IL-1β and TNF, which
leads to enhanced detachment of IL-8, IL-6, MMP9 and
TNF (e.g. via NFκB or Mitogen-Activated-Protein-Kinase
(MAPK)) [52]. Bacterial infections lead to NFκB activation
via Toll-like receptors in airway epithelial cells and alveo-
lar macrophages or dendritic cells, which in turn induce
transcription of pro-inflammatory cytokines such as IL-6
and IL8. Furthermore cytokines, such as IL-1β and TNF,
can activate NFκB, which seems to be a key factor in NLF
inflammation signalling. NFκB is inhibited by macrolide
AB-like azithromycin (AZM). Seventy per cent of our pa-
tients received AZM as anti-inflammatory therapy. In
these patients we found lower IL-1β levels when com-
pared with untreated patients (Additional file 1: Figure
S2), but because of the small proportion of untreated pa-
tients, the observed differences may not be representative.
Therefore, in future studies, it would be of great interest
to evaluate the NFκB levels and activity in airway epithelial
cells.
The present study did not reveal significant correla-
tions between systemic inflammation and inflammatory
marker concentrations in NL, which accords well with
the hypothesis of a compartmentalised infection and in-
flammation in CF. Moreover, we found no correlation
between lung function and CRS status. This may be due
to the small size of the study cohort. As a result of the
short period of time and the wide range of duration that
patients stayed in the hospital after the initialisation of i.v.
therapy, we did not collect systemic inflammatory markers
and lung function data during therapy. The heterogeneity
of the investigated patients regarding age, pulmonary
function and nutritional status is compensated for by the
longitudinal nature of the study, as assessing changes in
nasal inflammatory markers during intravenous AB treat-
ment was its principal aim. Therefore, future studies
should assess larger patient cohorts for longer periods and
include NL and LAW assessment at the end of therapy,
and if possible, assessment of systemic inflammatory
markers and microbiology.
NL may be of interest for other systemic and topical
therapeutic approaches in CF, and also other respiratory
diseases including allergic rhinitis/allergic asthma and im-
mune deficiencies. Moreover, microbiological and inflam-
matory marker assessment of NLF can provide information
about the prevalence and impact of compartmentalised air-
way infection in various respiratory diseases, for example
ventilator-associated pneumonia and sepsis.
Conclusions
In contrast to BAL, nasal lavage is a non-invasive method
and allows for the frequent sampling of airway surface li-
quid. In the present study, we found substantial differ-
ences in longitudinally collected NLF from CF patients,
both before and after a median of 6 days of i.v. AB treat-
ment, and compared with healthy individuals. Substantial
differences between the three groups were evident after
only this short period of therapy. Total NL cell counts,
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initially elevated in CF, decreased to the level of healthy
controls. IL-6 was significantly reduced, with a trend to-
wards reduced RANTES and MMP9. The latter, together
with NE, were assessed in the NL of CF patients for the
first time. Our findings highlight the use of NL as a poten-
tial tool for clinical and scientific studies.
Additional file
Additional file 1: Figure S1. Differences in inflammatory markers in
healthy controls and CF patients, before and during i.v. antibiotic therapy.
Significant differences in myeloperoxidase between CF and healthy
controls were observed and a slight decline under AB intervention was
found (S1A). IL-1β (S1B) and IL-8 (S1C) levels were significantly lower in
controls than in CF patients. TNF was significantly elevated in CF patients
(S1D), but there was no change during AB treatment. No changes in NE
were observed under AB treatment (S1E). Figure S2. Lower IL-1β levels
were observed in AZM-treated patients (median 140.6 ng/mL, range
4.1–467.2) compared with untreated patients (747.1 ng/mL, range
219.5–779.3, P = 0.0348).
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P U B L I K A T I O N E N  
2.4.2 Reduced effect of intravenous antibiotic treatment on sinonasal markers 
in pulmonary inflammation. 
Doht F, Hentschel J, Fischer N, Lehmann T, Markert UR, Böer K, Pfister W, Pletz MW, 
Guntinas-Lichius O, Mainz JG. Rhinology. 2015 Sep;53(3):249-59.41 
In 2.4.1 untersuchten wir ausschließlich den Einfluss der Antibiose auf die Immunantwort 
der oberen Atemwege und etablierten so die NL weiter als Werkzeug für die nicht-invasive 
Materialgewinnung für Therapiestudien. Einige Studien zeigten, dass die oberen und unteren 
Atemwege bei CF-Patienten unterschiedliche Abwehrstrategien nutzen. Während die OAW 
auf eine Besiedlung mit Pseudomonaden eher mit einer IgA-vermittelten Immunantwort 
reagieren98, ist in den UAW eine Neutrophilen-getragene Antwort vorherrschend99-101. 
Daraus entstand die Hypothese, dass sich die Änderungen der Immunantwort nach Antibiose 
gegen P. aeruginosa und S.aureus in den beiden Atemwegsetagen unterscheiden. Um diese 
Frage zu beantworten, sammelten wir nicht-invasiv Material der OAW via NL und der UAW 
per (induziertem) Sputum von 16 Patienten vor und während einer intravenösen (IV)-
Antibiose und untersuchten die Materialien zytologisch, mikrobiologisch und bzgl. der 
Inflammationsmediatoren IL-4, IL-8, IL-17A, IL-13, RANTES, MPO und sICAM.43 % der 
Patienten erfüllten die klinischen Kriterien für eine chronische Rhinosinusitis. 81 % der 
Patienten waren in den OAW besiedelt mit P. aeruginosa, 93 % in den UAW, davon 38 bzw. 
75 % chronisch. Wir beobachteten eine deutliche Reduktion der Gesamtzellzahl und der 
Menge an freier DNA in den UAW, jedoch nicht in den OAW. Bezüglich der Inflammation 
konnte unter der IV-Therapie für IL-8 und MPO eine Abnahme in beiden Atemwegsetagen 
beobachtet werden. Weil dieser Effekt in den UAW deutlich (signifikant) stärker, als in den 
OAW war deuten diese Ergebnisse darauf hin, dass die IV-Antibiose für die UAW eine gute 
Wirksamkeit hat, in den OAW jedoch weniger oder verzögerte Effekte zeigt. Wir gehen 
davon aus, dass dies durch anatomische Besonderheiten und die Pathologie der 
Nasennebenhöhlen zu erklären ist. Die paranasalen Sinus sind Hohlräume, in denen sich zum 
Teil Mukozelen und Polypen finden, v.a. aber eine bei CF häufige Retention von Sekret und 
bakterienhaltigem Eiter. Weil dies im Gegensatz zur parenchymatösen Lunge kaum 
durchblutet ist, sind die OAW schwer zugänglich für eine systemische Medikation. 
Fazit: Am Beispiel CF konnten wir zeigen, dass eine systemische Antibiose (hier als IV-
Antibiose) die OAW schlechter oder später erreicht als die UAW. Diese wichtige Erkenntnis 
kann auf Nicht-CF-CRS gut übertragen werden. Topische Applikationen von Medikamenten 
sollten auf jeden Fall in Erwägung gezogen werden. 
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Reduced effect of intravenous antibiotic treatment on 
sinonasal markers in pulmonary inflammation*
Abstract 
Background: Chronic bacterial rhinosinusitis is a common feature in Cystic fibrosis (CF) as mucociliary clearance in the sinonasal 
compartment is impaired. Aim of the present prospective study was to compare dynamics of inflammatory markers in the upper 
and lower airways (UAW/LAW) during systemic antibiotic therapy.
Methods: Nasal lavage and sputum of 16 CF-patients receiving an IV-antibiotic treatment against Pseudomonas aeruginosa and/
or Staphylococcus aureus were collected before and during treatment (median after 7.5 days). Cytological changes, DNA concen-
tration, and inflammatory markers interleukin (IL)-4, IL-8, IL-13 and Myeloperoxidase (MPO) were assessed in samples from both 
airway compartments.
Results: Total cell count declined significantly in LAW-samples but not in UAW. Although MPO and IL-8 decreased significantly in 
both airway compartments, this was considerably more pronounced for LAW (median decrease MPO: LAW = 9.8-fold vs UAW = 
1.75-fold, respectively; IL-8: LAW = 3-fold vs UAW = 1.9-fold, respectively).
Discussion: This is the first publication demonstrating substantially lower effects of IV-antibiotic treatment on sinonasal than on 
pulmonary inflammatory markers. Consequently, our findings highlight limitations of systemic antibiotic treatment to control 
infection in the sinonasal compartment. Primarily, we attribute this to the paranasal sinus´ structure: these hollow organs, which 
in bacterial sinusitis are frequently filled with pus, mucoeceles and polyps, are not reached effectively by systemic antibiotic 
treatment. 
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Introduction
Chronic rhinosinusitis (CRS), which is frequently associated 
with bacterial colonization of the upper airways (UAW) and 
paranasal sinuses is widespread, affecting 11% of the Euro-
pean and 13-17% of the US population (1-3). Direct health care 
costs are estimated to be about 8.8 billion USD per year, not 
including indirect costs generated by antibiotic resistances, 
antibiotic-related complications or missed workdays (2, 4). CRS 
mostly affects immune competent patients and is associated to 
multiple factors such as air pollution, smoking or allergy (1, 5) but 
it is frequently associated to sinonasal pathogen colonization (3). 
According to the assessment of different therapeutic strategies, 
incorporating the division in CRS with nasal polyposis (CRSwNP) 
and without nasal polyposis (CRSsNP), there is a lack of evidence 
for systemic antibiotics (3). The only exception is the long-term 




immune-modulatory impact rather than on their antibacterial 
effect (3).
Cystic fibrosis (CF) is interesting as a model for CRS associated 
to bacterial infection as CF patients’ upper (UAW) and lower 
airways (LAW) are colonized almost regularly with pathogens. 
Rhinosinusitis is a hallmark of this inherited disease (6-10). The 
resulting prevalence of abnormal anatomy as seen in computer 
tomography reaches almost 100% while up to 50% of adult CF 
patients reveal nasal polyposis (10-13).
CF as the most frequent life threatening autosomal recessive 
disorder among Caucasians (14) is caused by a genetic defect of 
the cystic fibrosis transport regulator (CFTR) protein, a chloride 
channel across cell membranes. Altered ion composition leads 
to increased viscosity of secretions from exocrine glands of mul-
tiple organ systems. Regarding the respiratory system, which 
is most commonly affected, a consequential reduced airway 
surface liquid volume impairs mucociliary clearance (15). Mucus 
retention allows pathogens like Staphylococcus (S.) aureus and 
Pseudomonas (P.) aeruginosa to remain in the airways and cause 
chronic excessive airway inflammation that leads to a progres-
sive damage of lung parenchyma as major cause of morbidity 
and premature mortality in about 90% of patients (9, 16, 17). Additi-
onally, disorders like exocrine pancreatic insufficiency, diabetes, 
and hepatic involvement are frequent.
Recent studies demonstrated evidence of cross colonization 
among both airway compartments. In patients colonized in 
both airway levels with P. aeruginosa, Mainz et al. revealed iden-
tical genotypes in the UAW and LAW by 96% (9). This was con-
firmed by Johansen et al. (8) and others. Further recent studies 
have shown that CF patients who undergo lung transplantation 
regularly become re-colonized in their lung grafts from sino-
nasal reservoirs. P. aeruginosa clones in lung transplants were 
genotypically identical with those cultured before transplanta-
tion in both, the UAW and LAW (18, 19). These findings underline 
the thesis that CF upper airways are a gateway and a bacterial 
reservoir from where P. aeruginosa can spread into the LAW. 
Furthermore, paranasal sinuses may be a niche for adaptation, 
diversification and the development of antibiotic resistances 
of P. aeruginosa (20). Hence, sinonasal involvement may play a 
key role in enhancing and maintaining chronic airway inflam-
mation and the resulting aggravation of the clinical course. 
However, there appear to be differences in the pathophysiology 
of both airways levels. While the inflammation in lower airways 
is characterized by a neutrophil domination and high levels of 
IgG against P. aeruginosa, Johansen et al. showed that biofilms in 
the sinuses are surrounded by only a very few neutrophils, most 
likely as the result of an extensive IgA response in the upper air-
ways (8). The authors propose that non-inflammatory properties 
of IgA may inhibit neutrophil recruitment in CF patients´ sinuses 
leading to a reduced and more differentiated mucosal immune 
response. In contrast, the systemic inflammatory response in the 
LAW is characterized by neutrophil-dominated inflammation 
and the release of proteases and oxygen radicals (8, 21, 22).
The use of intravenous antibiotics to treat and/or prevent pul-
monary exacerbations in CF patients is well established and one 
of the major reasons for the increased life expectancy during the 
last four decades (23). Elective IV-antibiotic therapy for eradicati-
on or reduction of the pathogen burden as well as the reduction 
of resulting inflammation is part of the standard care in many 
European CF Centers (24, 25).
The assessment of inflammatory markers in non-invasively col-
lected nasal lavage (NL) and induced sputum (IS) of CF patients 
opens a field to monitor airway colonisation, host defence, 
inflammation, and the effects of therapeutic approaches. While 
IS has been considered repeatedly in the recent literature to 
be a useful method (26-28), assessment of NL has been investiga-
ted rarely so far. NL is a well-tolerated, fast and cheap method 
to obtain airway surface liquid from the upper airways for 
microbiological and immunological issues (29). According to the 
`unified-airway-concept´ a recent study by Fischer et al. showed 
that UAW assessment can have a predictive value for chronic 
pulmonary colonisation with P. aeruginosa (30). Further on, Pitrez 
et al. discussed nasal wash as an alternative to bronchoalveolar 
lavage in detecting early pulmonary inflammation in children 
with CF (31). Paats et al. stated that the determination of inter-
leukin (IL)-6 and IL-10 in NL may provide an assessment tool for 
pulmonary exacerbations whereas Hentschel et al. were able to 
show a significant reduction of IL-6 in the UAW during IV-antibi-
otic therapy, even after a median therapeutic time of 6 days (32).
The aim of the present study was to investigate the changes in 
upper and lower airway inflammation during systemic IV-anti-
biotic treatment. As non-invasive methods, practicable within 
routine care, NL was applied for UAW sampling and IS for as-
sessment of LAW infection and inflammation. Before and during 
early intravenous antibiotic therapy concentration of DNA, 
cytology and the expressions of the inflammatory mediators 
myeloperoxidase (MPO), IL-8, IL-4, IL-13, IL-17A, regulated upon 
activation normal T-cell expressed, and presumably secreted 
protein (RANTES or CCL5) as well as human soluble intercel-
lular adhesion molecule-1 (sICAM or sCD54) were assessed and 
compared for both airway compartments.
Patients, materials and methods
Patients
Sixteen adult CF patients were recruited prospectively between 
August and December 2011, either during their stay at the 
University Hospital of Jena or during regular visits in the CF 
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Metric and ordinal variables n mean SD median Range
Age (yr) 16 26.25 4.597 25.0 21-37
Weight (kg) 16 56.84 9.5 55.95 45.3-72.0
Height (cm) 16 160.56 8.97 167.5 156-186
BMI 16 19.9 2.26 19.45 16.6-23.9
ESR after 1/2 h (mm/h) 13/5 35.46/    49.20 25.44/ 37.79 45/41 2-80/8-90
CRP (mg/l) 16 25.14 46.05 8.85 2.0-190.6
Leukocytes (Gpt/l) 16 12.25 4.16 10.8 6.6-21.7
Total IgG (g/l) 13 17.52 5.03 18.0 10.5-26.4
Total IgM (g/l) 12 1.58 0.36 1.59 1.09-2.22
Total IgA (g/l) 12 3.33 1.77 2.92 1.09-6.58
Total IgE (kU/l) 12 248.5 260.9 145.0 7.17-672
FEV1 (l)/ (% predicted) 15 1.77/ 50.45 0.83/ 24.73 1.74/42.6 0.77-3.22/ 24.0-109
IVC (l)/ IVC-P (% predicted) 15 2.84/ 67.01 0.99/ 20.16 2.44/ 60.0 1.57-4.66/ 41.0-112.0
MEF25 (l) / MEF25-P (% predicted) 15 0.47/ 20.89 0.35/ 16.7 0.32/13.1 0.11-1.4/5.0-70.0
MEF75/25 (l)/ MEF7525-P (% predicted) 15 1.03/ 23.97 0.76/ 18.91 0.69/16.0 0.24-2.85/ 6.0-74.0
RV (l)/ RV-P (% predicted) 15 3.19/ 210.67 1.17/ 71.28 3.02/219.0 1.29-4.96/ 99.0-324.0
Retrieved NL volume prior to therapy (ml) 16 9.15 2.08 9.25
Retrieved NL volume during/after therapy (ml) 16 9.94 2.19 10.50
Table 1. Clinical and serological characteristics of included patients (metric and ordinal variables).
outpatient clinic. Inclusion criteria were an established diagnosis 
of CF based on two sweat tests and/or the recorded presence of 
two disease causing CFTR mutations as well as an intravenous 
antibiotic therapy planned to improve the clinical course of the 
patient. Written informed consent was obtained by patients 
before enrolment. The study was approved by the local ethics 
committee.
Nasal lavage (NL)
NL was performed as previously described (9) using 10 mL of 
sterile saline (0.9 % NaCl, Braun, Melsungen, Germany) per 
nostril. Processing was performed as described by Fischer et al. 
(30). An aliquot was directly sent to microbiological analysis. After 
centrifugation the pellet was used for cytological analyses and 
the supernatant was stored in aliquots at -80°C with protease in-
hibitors (Protease Inhibitor Mix G, SERVA Electrophoresis GmbH, 
Heidelberg, Germany) for immunological approaches. 
(Induced) Sputum (IS)
Sputum was collected by spontaneous coughing or after 
induction by inhalation of 6% hypertonic saline (PARI GmbH, 
Starnberg, Germany). One aliquot was sent to microbiological 
analysis. Sputum was 1:5 weight-related diluted with sterile PBS, 
and homogenized by aspirating 20 times with an 18 Gauge can-
nula followed by additional 1:4 dilution using 0.1% Sputolysin 
(Merck, Darmstadt, Germany) and vortexing. The sputum was fil-
tered with a 40µm cell strainer to remove debris and mucus. 1ml 
of filtrated sputum mixed with 100µl FCS was sent to cytological 
analysis. The remaining volume was centrifuged (400rpm, 7min, 
room temperature) and aliquots of the supernatant were stored 
at -80°C with protease inhibitors. 
Microbiological, cytological, DNA and mediator analysis
Before IV-treatment nasal lavage and sputum were examined 
microbiologically according to European standards (32). Physio-
logical flora of the nasopharynx was considered as described 
recently (30). The definition of permanent and intermittent colo-
nization (50% or more of cultures and less than 50% of cultures 
within the preceding 12 months positive for a pathogen) was 




By using fluorescence flow cytometry (Sysmex XE-5000, Sysmex 
Deutschland GmbH, Norderstedt, Germany) total cell count 
(TCC) and percentages of polymorphonuclear- (PMN) and 
mononuclear (non-PMN) cells were determined. For differential 
cell count based on morphology (100 cells) cell pellets were 
prepared using cytospin (100xg, 3min) and May-Gruenwald 
staiing technique.
Levels of extracellular DNA were determined in native nasal 
lavage fluid (NLF) and sputum supernatant at 260 nm using 
NanoDrop (NanoDrop ND 1000, PEQLAB, Erlangen, Germany.)
For immunological analysis IS supernatant was diluted 1:10 with 
sterile PBS. As recently described (6) concentrations of IL-4, IL-8, 
IL-17A, IL-13, RANTES, MPO and sICAM were measured by using 
a Cytometric Bead Array (FlowCytomix Human Simplex Kits, 
eBioscience, San Diego, USA) and a flow cytometer (FACSCalibur, 
BD Biosciences, Franklin Lakes, CA, USA). Results of the analysis 
were appraised with the FlowCytomix Pro 2.4 software. 
Statistics
Biometrical analysis was performed with MS Excel 2010, IBM 
SPSS Statistics 20 and GraphPad Prism 5. Dilutions made during 
procession and analysis of IS were subtracted to obtain values 
for the native material as obtained from the patient. Concen-
trations below the detection limit assessed by Cytokine Bead 
Array were defined as 0.1 ng/ml below detection limit (0.1 μg/
ml, respectively). Longitudinal changes of DNA-content, cell 
counts and inflammatory mediators were assessed with the 
Wilcoxon-test for matched pairs while correlations were tested 
with Spearman’s-rho-test for both dates (before and during 
therapeutic intervention). A value of p < 0.05 was considered 
statistically significant. Mann-Whitney-U-Test was performed to 
compare different groups and odds ratios (OR) were calculated 
for quantifying how strongly permanent colonization with S. au-
reus in both airway compartments are associated to each other. 
Using descriptive statistics clinical characteristics of the study 
population and test results were pictured.
Results 
Demographic data
The mean age of the 16 CF-patients (9 female/7 male) recrui-
ted for this prospective study was 26.25 years (range 21-37, SD 
4.6). Eight patients were homozygous for genotype F508del, 
7 heterozygous for F508del and one patient homozygous for 
genotype CFTRdele2,3. In the heterozygous patients class 1-3 
mutations (R553X, N1303K) and class 4-5 mutations (R347P, 
2789+5G->A) were found in 2 and 6 patients, respectively. 
In all but one patient, IV-antibiotic therapy was conducted over 
14 days. For clinical reasons this one patient underwent a 28-day 
treatment. However, the present trial mostly assessed changes 
within early treatment period by median after 7.5 days (range 
3-28 days). Treatment was either started at our CF outpatient 
clinic, or in hospital and continued as home treatment for most 
of the patients (11 of 16). Therefore, median hospitalization time 
resulted in 4 days (range 0-14).
Therapy was directed against P. aeruginosa in 15 patients and 
additionally against S. aureus (6 patients), Haemophilus (H) influ-
enzae (1 patient) and Burkholderia (B) cepacia (1 patient). In one 
patient it was directed only against S. aureus.
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Reduced effect of IV-antibiotics on sinonasal inflammation 
criteria (33) were fulfilled by 7 patients (43.8%). 
As concomitant CF manifestation of other organ systems exo-
crine pancreatic insufficiency was present in 13 patients (81.3%), 
diabetes mellitus and hepatopathy in 9 (56.3%) and 3 (18.8%) 
patients, respectively. Allergic sensitization was frequent in our 
study population, mostly to Aspergillus fumigatus (11 patients, 
68.8%). Moreover, house dust mite (1/16, 6.3%), grass pollen 
(2/16, 12.5%), pet hair (2/16, 12.5%) and cows’ milk protein (1/16, 
6.3%) were represented as allergens. Detailed clinical and sero-
logical data are presented in Tables 1 and 2.
Serological data
Systemic inflammation parameters like erythrocyte sedimen-
tation rate (ESR) were elevated before the start of IV antibiotic 
treatment in 76.9% (10/13, median 1h 45, range 1h 2-80), CRP 
in 62.5% (10/16, median 8.85, range 2.0-190.6), and leucocytes 
in 43.8% (7/16, median 10.8, range 6.6-21.7) of patients. IgG 
was found elevated in 61.5% of patients (8/13, median 18.00 
g/l, range 10.5-26.40 g/l), IgA in 25% (3/12, median 2.91 g/l, 
range 1.54-6.58 g/l), and IgE in 58.3% (7/12, median 145.00 kU/l, 
range 7.17-672.0 kU/l). IgM was within the normal range in all 16 
patients (median 1.59 g/l, range 1.09-2.22 g/l). 
Methodological issues
NL backflow volume after IV-antibiotic treatment was slightly hi-
gher than NL recovery before therapeutic intervention (median 
10.5 mL, range 6.00-13.00, respective median 9.25 ml, range 
5.00-13.00, (Figure 1), but differences did not reach statistical 
significance (p = 0.49). 
tic combination that contained meropenem and tobramycin 
(14/16). Adjusted to clinical conditions, infection status and 
resistance situation, IV-therapy was modified or supplemented 
with antibiotic agents as ceftazidim (1/16), ciprofloxacin (1/16), 
piperacillin-tazobactam (1/16) and vancomycin (1/16).
25% (4 patients) of our study population were affected by 
nasal polyps while 11 patients (68.8%) already had a history of 
sinonasal surgery (9 patients had a polypectomy, one patient 
an adenoidectomy and one patient surgery of the nasal septum 
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Table 3. Microbiological characteristics of included patients  
(metric and ordinal variables).
According the criteria published by Lee et al. (34) “permanent coloniza-
tion” was defined as at least 50 % of cultures within the last year were 
found positive and “intermittent” as less than 50 % of cultures within the 
last year were found positive.
Figure 1. NL backflow volume after IV-antibiotic treatment was slightly 
higher than the retrieved volume of NL before therapeutic intervention 





ased significantly in LAW (n = 16, before IV-AB: median: 817.99 
ng/µl; during IV-AB: median: 275.14 ng/µl; p = 0.012), whereas 
only a slight, but not significant, increase was found in UAW 
samples (n = 16, before IV-AB: median: 25.75 ng/µl; during IV-AB: 
median: 26.45 ng/µl; p = 0.86).
Microbiological analysis
Before AB treatment pathogenic bacteria and fungi were detec-
ted in 13/16 (81.3%) and 15/16 (93.8%) patients for UAW resp. 
LAW. Distributions and details are shown in Table 3. The most 
frequently detected pathogen was P. aeruginosa (UAW: 56.3% 
LAW: 81.3%) followed by S. aureus (UAW: 37.5%, LAW: 43.8%). 
Permanent colonization of P. aeruginosa for UAW resp. LAW was 
found in 37.5% and 75% and of S. aureus in 18.8% and 25% of 
patients, respectively. In our cohort, the risk of permanent P. ae-
ruginosa colonization in LAW was increased by a factor of 6.6 (CI 
= 95%: 0.2908-149.7819, p = 0.236) if UAW were also chronically 
infected. Odds for consistent S. aureus infection in LAW in case 
of permanently infected UAW are increased by factor 58.3 (CI = 
95%: 1.9215-1770.9393, p = 0.019). Further on, in LAW overall 
concentrations of MPO (p = 0.025, mean rank 9.77) and IL-8 (p 
= 0.039, mean rank 9.65) revealed to be significantly higher in 
P. aeruginosa positive samples than in non-colonized patients 
(MPO: mean rank 3.0; IL-8: mean rank 3.5) whereas median 
values of IL-8 (P. aeruginosa positive 16287.03 pg/ml, P. aerugi-
nosa negative 7419.14 pg/ml) and MPO (P. aeruginosa positive 
4359.95 ng/ml, P. aeruginosa negative 3079.42 ng/ml) showed 
only a trend toward significance (MPO: p = 0.055, IL-8: p = 0.055).
Changes of inflammatory markers during intravenous anti-
biotic therapy
Concentrations of MPO and IL-8 significantly decreased in both, 
the UAW and LAW after antibiotic therapy of 7.5 days (MPO-
UAW: p = 0.011, IL-8-UAW: p = 0.008, respectively MPO-LAW: p = 
0.003, IL-8-LAW: p = 0.003). Interestingly, the decline was much 
less pronounced in the UAW compared to the LAW: median va-
lues for IL-8 declined 1.9-fold in UAW, respectively, 3-fold in LAW 
(Figure 3). MPO in NL declined 1.8-fold, respectively, 9.8-fold in 
LAW (Figure 3). The same tendency applies to IL-13 (p = 0.285) in 
UAW, while IL-4 showed a trend to increase (p = 0.625). In LAW 
detection frequencies were below the detection limit for IL-17A 
and sICAM while RANTES could be detected only in very low 
frequencies being insufficient for any statistical assessment.
During antibiotic intervention, decreases of IL-8-UAW and 
neutrophil granulocytes UAW correlated significantly (r = 0.653, 
p = 0.029, n = 11) as well as the dynamics of IL-13-UAW and 
IL-4-UAW (r = 0.816, p < 0.001). An inverse correlation was found 
between the declines of TCC-UAW and IL-13-UAW (r = -0.592, 
p = 0.016). In addition, we detected a significant correlation 
between the decreases of MPO-LAW and IL-8-LAW (r = 0.579, p = 
0.019). Moreover, we observed a correlation between declines of 
Cytological analysis in NL and sputum
Total cell counts (TCC) and distinction of polymorphonuclear 
neutrophils PMN and monomorphonuclear leucocytes (MN, 
resp. non-PMN) was performed for all 16 patients on both dates, 
and differential cell count for 11 patients. Changes for UAW 
cytology and significant declines for LAW are shown in Table 4 
and Figure 2. Further on, changes correlated with changes of 
IL-8 LAW (r = 0.547, p = 0.028) and with the decline (r = 0.507, p 
= 0.045).
DNA





Figure 2. Differences in changes of total cell count and DNA concentra-
tion in UAW and LAW. In UAW declines of TCC did not reach statistical 
significance. Median values declined 1.2-fold during IV therapeutic 
intervention (A). TCC in LAW declines significantly (p = 0.039) during IV-
antibiosis. Median values declined 1.4-fold (B). No significant changes of 
DNA concentration in UAW during IV-antibiosis. Median values increased 
slightly (1.1-fold, C). Significant decline of DNA concentrations in LAW 
during IV-antibiosis (p = 0.012), median values decline 3-fold (D). 
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MPO-LAW and MPO-LAW and activated monocytes LAW, respec-
tively, IL-8-LAW and activated lymphocytes LAW (r = 0.679, p = 
0.022, n = 11, respectively, r = 0.632, p = 0.037, n = 11). 
Correlation of inflammatory markers before and during AB
Before and during AB treatment IL-8-UAW correlated signifi-
cantly with MPO-UAW (n = 16, r = 0.64, p = 0.008, respectively, r 
= 0.646, p = 0.007). IL-8-UAW correlations with TCC-UAW (n = 16, 
r = 0.52, p = 0.039) and eosinophil granulocytes UAW (n = 12, r = 
0.777, p = 0.003) could be shown only prior to therapy. Further 
on, correlations between IL-4-UAW and IL-13-UAW were found 
before, respectively, during AB therapy (n = 16, r = 0.806, p = 
0.00016, respectively, r = 0.715, p = 0.002). Changes of IL-8-LAW 
did correlate with changes of MPO-LAW (r = 0.741, p = 0.001) 
and DNA-LAW (r = 0.693, p = 0.003). 
Discussion
The relevance of pathogen related rhinosinusitis in general 
health and its financial consequences have been massively 
underestimated. Additionally, resulting antibiotic treatments are 
related to complications and relevantly contribute to develop-
ment of antibiotic resistances. Thereby antibiotic treatment of 
bacterial rhinosinusitis empirically was shown to require prolon-
ged periods of therapy, but this issue has not been understood 
sufficiently.
Our results from a cohort of cystic fibrosis patients receiving 
A
Figure 3. Differences of IL-8 and MPO in upper and lower airways before and during IV-antibiotic treatment. A) MPO declines significantly in the UAW 
(p = 0.003) and in the LAW (p = 0.011). However, median decline only results 1.8-fold in the UAW but 9.8-fold in the LAW. B) IL-8 also decreases signifi-




systemic intravenous antibiotic treatment can add knowledge 
to this topic. To some extent, CF could serve as a model for 
pathogen-related CRS as the patients almost regularly reveal up-
per and lower airway colonization with pathogenic bacteria and 
rhinosinusitis is frequent in the inherited disease (6-10). However, 
it has to be taken in mind, that CF regularly is associated to 
impaired mucociliary clearance, unlike CRS in primary healthy 
individuals.
We assessed changes in cytokine expression, extracellular DNA 
concentration and cytological dynamics in NL and sputum of 
16 CF patients after a median period of 7.5 days of intravenous 
antibiotic treatment directed against pulmonary colonization 
with pathogens like P. aeruginosa, S. aureus and/or H. influenzae. 
Most interestingly, inflammatory markers in the upper airways 
showed a reduced decline under this treatment, in contrast to 
markers in lower airway secretions. IV-antibiotic treatment sig-
nificantly reduced total cell counts (TCC) in induced sputum and 
the proportion of neutrophils, known as the major player in LAW 
inflammation (p TCC = 0.039. p neutrophils = 0.025). In contrast, 
this therapy did not affect such a reduction in upper airway se-
cretions (p TCC = 0.336, p neutrophils = 0.650). Whereas for the 
LAW our findings are in good accordance to published studies 
(28, 35, 36), previously only a few investigations were performed to 
assess effects of IV-antibiotics on inflammation in the UAW (29, 
37). This to our knowledge is the first study to compare changes 
of inflammatory markers in UAW and LAW during IV-antibiotic 
treatment in CF. 
MPO and IL-8 play an important role in CF patients´ immune res-
ponse to pathogen colonization in both airway compartments. 
According to previous studies levels for both cytokines are in-
creased in CF upper and lower airways, correlating significantly 
among each other. While IL-8 is the major neutrophil chemo-
attractant derived from innate immune cells and Th1 lymphocy-
tes after stimulation through different pathways, the neutrophil-
released MPO is a well-established marker for neutrophil activity 
(6, 38, 39). Despite reaching statistical significance in both airway 
levels, declines of IL-8 and MPO after a median of 7.5 days of 
IV-antibiotic treatment were much lower in the sinonasal com-
partment than in the LAW (MPO LAW 9.8-fold respective UAW 
1.8-fold, IL-8 LAW 3-fold, respectively, UAW 1.9-fold).  
In accordance with previous studies of Hentschel et al. (29), 
respectively, Fischer et al. (30) a correlation of IL-8 and MPO levels 
was seen prior to and during IV-therapy in UAW. Further on, 
TCC in LAW correlated with IL-8 and extracellular DNA during an-
tibiotic IV-treatment. Both, IL-8 and extracellular DNA correlated 
also among each other.
Extracellular DNA measured in NL and sputum originates pre-
dominantly from necrotic neutrophils and conforms neutrophil 
extracellular traps (NETs) (40). This composition of decondensed 
chromatin and neutrophil antimicrobial proteins degrades 
virulence factors and plays a role in killing of bacteria (41). Inte-
restingly, we observed a significant decline of DNA in sputum 
(p = 0.012) during antibiotic treatment, while in NL even a slight 
increase of DNA was measured, again supporting the hypothesis 
of reduced therapeutic success in the sinonasal compartment. 
Altogether, the present study reveals different changes of IL-8, 
MPO, DNA, neutrophils, and the TCC affected by IV-antibiotic 
therapy among the upper and lower airway levels. In the on-
going process aiming to understand similarities and differences 
before IV-antibiotic therapy during IV-antibiotic therapy
Sputum (LAW) n median range median range p-value
TCC [cells/ml] 16 2571.5 488-13651 1875 307-9923 0.039
LYM [%] 11 12.5 1-36 4 0-14 0.01
NEUTRO [%] 11 87 58-97 81 51-92 0.025
DNA [ng/µl] 16 818.0 275.1 0.012
NL (UAW) n median range median range p-value
TCC [cells/ml] 16 40.5 5-922 33.5 7-161 0.336
LYM [%] 11 4 0-14 3 0-11 0.539
NEUTRO [%] 11 88 79-99 89 78-98 0.650
DNA [ng/µl] 16 25.8 27.5 0.860
Table 4. Cytological changes and DNA-Concentration in UAW and LAW prior and after IV AB therapy.
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of both airway levels´ immune responses toward colonization 
and infection with pathogens (8, 22) these results can give further 
hints.
Inflammatory responses in the sinonasal area appear to be 
reached with delayed or even with reduced effects by a syste-
mic, intravenous antibiotic treatment compared to a systemic 
pulmonary therapy. Possible reasons are differences in the 
immune response between UAW and LAW in CF patients as 
reported previously (8, 22). Additionally, the anatomical character 
of paranasal sinuses leads to insufficient reachability by systemic 
antibiotics: the hollow organs are not as vascularised as the pa-
renchymal lungs, and, similar to abscesses, they are often filled 
with purulent secretions or mucoceles as a result of remittent or 
chronic pathogen colonization.
Assessment of UAW colonization has not been part of routine 
CF care during the last decades, according to most international 
consensus statements. Only recently, the UAW role in patho-
gen acquisition and persistence is coming into the clinical and 
scientific focus (8, 9, 17, 18, 20, 22, 30, 42). Thereby, findings in CF-related 
rhinosinusitis, which regularly is associated with pathogen 
colonization, are not only relevant for the care of patients with 
the inherited disease. Moreover, these trials give essential new 
insights for the large number of patients with acute and chronic 
bacterial rhinosinusitis of other origins. In this regard, the 
detected insufficiency of systemically applied antibiotics in CF 
patients colonized with pathogens on sinonasal inflammatory 
markers reveal the following: approaches to apply antibiotics at 
the site of bacterial infection within the sinuses require further 
assessment. For the lungs, topical inhalation of antipseudomo-
nal antibiotics is a golden standard, besides IV-antibiotic the-
rapy. Bronchial inhalation provides the highest concentrations 
of antibiotics within sputum together with low side effects as no 
relevant blood levels are reached.
As the paranasal sinuses are not reached by conventional 
inhalation (43), our studies´ results may indicate, that sinonasal 
surgery with widening of sinonasal ostia can be required in 
some chronic bacterial rhinosinusitis to allow nasal lavages with 
addition of antibiotics reach the paranasal sinuses. This appro-
ach recently has been taken in a large Danish cohort, postopera-
tively flushing the sinonasal space with colomycin (22).
On the other hand case reports (18) and a very recent pilot study 
on topical antibiotic administration via pulsating sinonasal inha-
lation could be a promising alternative for reducing respectively 
eradicating pathogen colonization in UAW (44, 45). In CF both ap-
proaches could help to prevent chronic sinonasal infection with 
P. aeruginosa and a consecutive expansion to the lungs.
Regarding anatomical conditions our publication is relevant to 
any other bacterial related infection of the paranasal sinuses. 
Findings in the present study are in good accordance with em-
pirical observations showing the need to treat bacterial sinusitis 
for much longer periods with systemic antibiotics than required 
for other infections of parenchymal organs. Consistently, there 
is a lack of evidence reported for the short-term use (< 4 weeks) 
of systemic antibiotics, whereas patients with CRSsNP may 
benefit from a long-term therapy with macrolides in low doses (3, 
5, 46). The beneficial effect of this low-dose-therapy, that takes at 
least 12 weeks, harks back to macrolides’ immune-modulatory 
properties, but again is linked to the risk of increasing antibiotic 
resistances (3, 46).
Possible limitations
A direct comparison of mediator concentrations in NL and 
sputum is difficult. Thereby, we added no dilution factor to NL 
but for sputum samples a dilution factor 10 was used for sample 
processing. However, by comparing changes in upper- and 
lower airway concentrations of inflammatory mediators during 
therapy a correction e.g. to the backflow volume and the protein 
content did not influence our results (6). 
For future work it would be very helpful to administer a best 
practice guideline for sputum preparation to achieve greater 
comparability of different studies. Further on, for NLF as well as 
for BALF and sputum no suitable ‘housekeeping’ markers have 
been identified for normalization to improve standardization, 
which hampers the inter-study comparability (47).
Following trials should include assessment of changes in micro-
biological findings and antibiotic resistances after IV-antibiotic 
treatment in CF. Also monitoring of rhinoscopic changes before 
and after finalisation of a 14 days standard IV-antibiotic treat-
ment in CF would be interesting. These issues have not been 
included in the present trial which focuses on changes in inflam-
matory mediators during early phases of IV-AB therapy.
Conclusion
The present study identifies for the first time a substantially re-
duced effect of IV-antibiotic treatments on sinonasal- compared 
to pulmonary inflammatory markers. Accordingly, our results 
reveal a limited potential of systemic antibiotic treatment to 
control sinonasal bacterial infections. We contribute this to the 
anatomical situation of paranasal sinuses, which are not reached 
effectively by systemic antibiotics. We suppose that our findings 
do not only apply to CF related chronic rhinosinusitis, but it can 
be taken for bacterial CRS of other origin as well.
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 upper airways before IV-AB during IV-AB
mediator unit DL median range frequency median range frequency
MPO ng/mL 0.02 288.85 92.98 - 769 16/16 165.02 51.5 - 768.05 16/16
IL-8 pg/mL 0.5 372.08 0.4 - 775.54 14/16 192.31 0.4 - 676.83 14/16
IL-4 pg/mL 20.8 20.7 12.88 - 752.45 8/16 20.7 16.78 - 369.37 6/16
Il-13 pg/mL 4.5 230.78 4.4 - 893.33 10/16 175.39 4.4 - 659.97 11/16
 lower airways before IV-AB during IV-AB
mediator unit DL median range frequency median range frequency
MPO ng/mL 0.02 3095.4 0.02-6412.13 16/16 316.58 0.02-2315.44 16/16
IL-8 pg/mL 0.5 11754.91 0.4-37169.74 16/16 3936.805 0.4-25160.17 16/16
IL-4 pg/mL 20.8 20.7 20.7-20.7 16/16 20.7 20.7-148.83 16/16
Il-13 pg/mL 4.5 4.40 4.4-2538.55 16/16 4.4 4.4-2705.36 16/16
Table S1. Medians and ranges of relevant measured inflammatory mediators.
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2.4.3 Changes of Proteases, Antiproteases, and Pathogens in Cystic Fibrosis 
Patients' Upper and Lower Airways after IV-Antibiotic Therapy. 
Müller U, Hentschel J, Janhsen WK, Hünniger K, Hipler UC, Sonnemann J, Pfister W, 
Böer K, Lehmann T, Mainz JG.Mediators Inflamm. 2015;2015:626530.
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Die Ergebnisse der Arbeit von Doht et al. 2015
41
 ließen vermuten, dass die IV-Antibiose in 
den OAW schlechter und/oder später anschlägt. Da der Zeitpunkt der Probenentnahme 
unter Therapie am letzten stationären Tag lag und daher im Median bei 6 Tagen, konnten 
wir die Frage nach der zeitlichen Dynamik nicht abschließend beurteilen. Die Folgestudie von 
Müller et al., 2015 untersuchte nun elektive 19 IV-Antibiose-Zyklen bei CF-Patienten vor und 
nach Therapie; im Mittel lagen 14 Tage zwischen den beiden Probenentnahmedaten. Wir 
untersuchten nicht nur Inflammation und hier schwerpunktmäßig die Proteasen und 
Antiproteasen vor und nach Therapie, sondern auch die Keimbesiedlung und erstmals 
Lebensqualität bezogen auf sinunasale Symptome mit dem SNOT 20-GAV
25
. 52 % der 
Patienten waren in den OAW vor Therapie mit P. aeruginosa besiedelt, 53 % in den unteren 
Atemwegen, die Therapie reduzierte den Anteil in beiden Etagen auf 37 %. Zusätzlich 
erhoben wir Daten zum SNOT von 20 altersgematchten gesunden Kontrollpersonen und 
sammelten von diesen Kontrollen nasale Lavagen für immunologische Analysen. Der 
Punktwert für den SNOT reduzierte sich bei den CF-Patienten unter Therapie signifikant von 
26 auf 19, was immer noch deutlich über dem medianen SNOT von 3 liegt, welche in der 
Kontrollkohorte erhoben wurde. In den oberen Atemwegen konnten keine signifikanten 
Abnahmen der gemessenen Inflammationsmarker nachgewiesen werden, während in den 
unteren Atemwegen vor allem MMP9 reduziert wurde. Wie auch schon in der Arbeit von 
Hentschel et al. 2015
90
 zeigte sich, dass die Imbalance von NE zu SLPI vor allem in den 
oberen Atemwegen auftritt und unter Therapie um ca. 1/3 reduziert werden kann (Faktor 
920 vs. 660), aber immer noch deutlich über dem Wert liegt, der für gesunde Kontrollen 
ermittelt werden konnte (92). Im Gegensatz dazu fanden wir den oberen Atemwegen ein 
ausgeglichenes Verhältnis von MMP9 zu TIMP1, während in den unteren Atemwegen die 
Protease 26fach höher konzentriert vorlag und sich unter Therapie auf 17fach reduzierte.  
Fazit: Auch die oberen Atemwege profitieren von einer systemischen Antibiose, die 
sinunasalen Beschwerden nehmen signifikant ab. Als Hypothese für Folgestudien postulieren 
wir, dass die OAW von einer topischen Behandlung mit der Antiprotease SLPI profitieren 
würden, die UAW von einer TIMP1-Behandlung, um das massive Ungleichgewicht zu 
beheben und Gewebsumbauten zu vermeiden. 
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Background. In cystic fibrosis (CF) the upper (UAW) and lower airways (LAW) are reservoirs for pathogens like Pseudomonas
aeruginosa. The consecutive hosts’ release of proteolytic enzymes contributes to inflammation and progressive pulmonary
destruction. Objectives were to assess dynamics of protease : antiprotease ratios and pathogens in CF-UAW and LAW sampled
by nasal lavage (NL) and sputum before and after intravenous- (IV-) antibiotic therapy. Methods. From 19 IV-antibiotic courses
of 17 CF patients NL (10mL/nostril) and sputum were collected before and after treatment. Microbiological colonization and
concentrations of NE/SLPI/CTSS (ELISA) and MMP-9/TIMP-1 (multiplex bead array) were determined. Additionally, changes
of sinonasal symptoms were assessed (SNOT-20). Results. IV-antibiotic treatment had more pronounced effects on inflammatory
markers in LAW, whereas trends to decrease were also found in UAW. Ratios of MMP-9/TIMP-1 were higher in sputum, and ratios
of NE/SLPI were higher in NL. Remarkably, NE/SLPI ratio was 10-fold higher in NL compared to healthy controls. SNOT-20 scores
decreased significantly during therapy (𝑃 = 0.001). Conclusion. For the first time, changes in microbiological patterns in UAW and
LAW after IV-antibiotic treatments were assessed, together with changes of protease/antiprotease imbalances. Delayed responses
of proteases and antiproteases to IV-antibiotic therapy were found in UAW compared to LAW.
1. Introduction
Cystic fibrosis (CF) is the most common lethal autosomal
recessive inherited chronic disease in the Caucasian popula-
tion and is caused by mutations in the cystic fibrosis trans-
membrane conductance regulator (CFTR, 7q31). Defective
ion channels lead to production of viscous secretions from
exocrine glands. In CF, the innate immunity is ineffective
because of impaired mucociliary clearance and immune
cellular causes [1].This allows chronic pathogen colonization
and in airway, inflammation which results in progressive
pulmonary destruction as main reason for increased mor-
bidity and mortality in CF [2–5]. Pathogen colonization
with Staphylococcus (S.) aureus and Haemophilus influenzae
commonly begins in the first few months of life [6]. Later
on, gram-negative organisms dominate, as Pseudomonas (P.)
aeruginosa which chronically colonizes the lungs of 70–80%
of adult CF patients [7]. P. aeruginosa enhances inflammation
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in CF airways, for example, by causing the release of different
proinflammatory and immunological active components,
promoting secretion of mucus and impairing ciliary function
[8].
Inflammation in CF airways is neutrophil-dominated;
thus high levels of the proteolytic enzyme neutrophil elastase
(NE) and oxidants can be found in the airway surface liquid
[13]. At the same time enzymeswith protective function inCF
airways like 𝛼1-antitrypsin and secretory leukocyte protease
inhibitor (SLPI) can be inactivated by NE [39]. Furthermore,
NE can enhance pulmonary inflammation and destruction by
degrading extracellular matrix components. NE also serves
as a biomarker for inflammation in CF [2, 19, 40–42]. The
release of NE by neutrophils can be stimulated upon different
cytokines and chemoattractants, for example, TNF and IL-
8 [43]. High concentrations of NE and IL-8 in the airway
surface liquid overwhelm and inactivate the antiprotease
defense system, deranging the balance of proteases and
antiproteases which is required for equilibration of defense
mechanisms and prevention of tissue damage [8]. Recently,
concentrations of NE in CF patients’ lower were found to be
elevated, compared to concentrations in the upper airways
(LAW/UAW) [16]. In the UAW especially the serine protease
SLPI is amajor antagonist ofNE.Contained inmucosal lining
fluids SLPI is produced by macrophages, neutrophils, and
epithelial cells of the respiratory and alimentary tract. Due to
its high cationicity, SLPI can disrupt microbial membranes,
affecting opportunistic pathogens in the lungs such as S.
aureus and P. aeruginosa as well as skin pathogens, for
example, S. epidermidis and Candida albicans, to become
established [12, 44]. Increased concentrations of SLPI can
be found in infection, for example, in pneumonia, whereas
downregulation is triggered by interferon-gamma (IFN-𝛾)
[45]. Elevated ratios of NE/SLPI in CF-UAW compared to
LAW have been reported previously by Hentschel et al.
assuming a greater benefit of NE inhibitors in the sinonasal
than in the pulmonary compartment based on a more
pronounced imbalance, than for the MMP-9/TIMP-1 ratio
[16].
Furthermore, proteolytic active mediators, such as
human cysteine cathepsins, are involved in lung injury and
tissue remodelling in CF patients’ pulmonary inflammation.
So far, increased levels of cathepsins were found in sputum
of CF patients, allowing their use as inflammation markers
[9]. The cathepsins, including cathepsin S (CTSS), are
produced by macrophages and are involved in matrix
remodeling and antigen processing [10]. The acid pH-value
of the airway surface liquid in CF provides an optimal
condition for their activity [11]. Cathepsins cleave and
inactivate antimicrobial peptides or proteins such as SLPI,
which leads to an inactivation of SLPI anti-NE capacity
[12].
Altogether, chronic inflammation in the CF airways is
characterized by an imbalance of proteases and antipro-
teases, such as NE and SLPI or MMP-9 and tissue inhibitor
of metalloproteinase-1 (TIMP-1). MMP-9 as a biological
active enzyme is known to be released, especially in the
airways, by neutrophils, macrophages, and epithelial cells in
response to inflammation and takes part in the remodeling
and degradation of extracellular matrix proteins [4, 13, 14].
Particularly in chronic lung disease, asthma, bronchopul-
monary dysplasia, and 𝛼1-antitrypsin deficiency, this imbal-
ance and an overproduction of MMP-9 play an important
role in the pulmonary pathogenesis [13, 15]. So far, MMP-9
and TIMP-1 as its major physiological inhibitor by forming
specific complexes with pro-MMP-9 were determined in
the bronchopulmonary compartment of CF patients. Ele-
vated levels of MMP-9 and TIMP-1 as well as an increase
in MMP-9/TIMP-1 ratio have been reported previously
in NL fluid, sputum, and bronchoalveolar lavages (BAL)
[13, 16–18].
MMP-9 is known as the predominating MMP in bron-
chopulmonary secretions from CF patients. This may be
due to the ability of NE to cleave and activate MMP-9 as
well as to inactivate TIMP-1 [13, 15]. Moreover, in healthy
subjects’ induced sputum, higher levels of TIMP-1 were
detectable when compared to CF patients, which emphasizes
the relative lack of antiproteases in CF lungs [19]. As previ-
ously described from the bronchopulmonary compartment
of stable CF patients, increased NE in sputum is related to
increased MMP-9/TIMP-1 ratio and the implication of this
an imbalance on proteolytic dysregulation has been discussed
[19]. Additionally, we have recently described a correlation
of TIMP-1 and MMP-9 to P. aeruginosa colonization of CF
patients’ airways [20].
At the same time, the impairedmucociliary clearance also
has a considerable effect on the patients’ UAW and paranasal
sinuses, frequently causing chronic rhinosinusitis (CRS) and
nasal polyps [21]. As a consequence, symptoms like chronic
nasal congestion, rhinorrhoea with anterior and postnasal
drip, mouth breathing, anosmia, facial pain, and sleep dis-
orders affect the quality of life (QoL) [22]. Approaches
including medical therapy and extensive endoscopic sinus
surgery aremeasures to improve sinonasal disease in CF [23].
Beyond that, the defective sinonasal mucociliary clearance
makes the UAW a gateway for primary pathogen coloniza-
tion and a reservoir for descending infection of the lower
respiratory tract [24–26]. So far, a recent series of studies
found concordant strains of P. aeruginosa in the UAW and
LAW of CF patients. Consequently, the authors postulate to
treat the UAW and LAW as one airway system [21, 27, 28].
In this regard, early detection of pathogen colonization and
an effective eradication by antibiotic prophylaxis or therapy
may prevent subsequent descent to the LAWor exacerbations
[29].
In order to preserve a good pulmonary function and to
improve theQoL, particularly the treatment against a chronic
infection with P. aeruginosa is a main focus of attention in
CF care. There is evidence that a systemic intravenous- (IV-)
antibiotic therapy, either applied in amore preventive elective
regimen or applied symptomatically at acute pulmonary
exacerbations (APE), combined with long-term nebulized
antibiotic therapy benefits CF patients chronically colonized
with P. aeruginosa [29]. The elective IV-antibiotic treatment
of colonized patients for eradication and/or reduction of the
pathogen burden and the resulting pulmonary inflammation
belong to standards of care inmany European CF centers [30,
31]. However, regimes vary regarding duration and dosage of
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therapy and there is no final evidence for superiority of one
concept [30].
Previous studies of our group compared proteases/anti-
proteases relations in the UAW and LAW in a cross-sectional
study [16].
The main purpose of the present longitudinal study was
to analyze changes of proteases and antiproteases in sputum
and NL together with changes in pathogens detected with
conventional microbiological tools in both the upper and
lower airway compartments. Levels ofMMP-9, TIMP-1, SLPI,
NE, and CTSS were quantified in NL and sputum from CF
patients before and after a 14-day IV-antibiotic therapy and
compared to results from healthy controls. Furthermore, we
assessed the impact of the treatment on sinonasal symptoms
(health-related QoL). We hypothesized that in CF patients’
UAW and LAW non-invasively assessed by NL and sputum
chronic imbalance of proteases and antiproteases can be
adjusted after a 14-day IV-antibiotic therapy.
2. Patients, Materials, and Methods
2.1. Study Population. The prospective case control study
conducted at the Jena University Hospital CF Center, Ger-
many, included 17 CF patients who underwent 19 IV-
antibiotic treatments between August 2012 and January 2013.
Inclusion criteria were a diagnosis of CF confirmed by two
positive sweat tests and/or a molecular genetic identification
of two disease-causing CFTR mutations. Exclusion criteria
were relevant nasal bleeding and perforation of the tympa-
num in general.
IV-antibiotics were administered in accordance with the
current European guidelines [3] with two agents (e.g., amino-
glycoside and cephalosporin or carbapenem) for 14 days.The
selection of antibiotics was based on antibiotic sensitivity
of pathogens cultured in sputum. NL of 20 prospectively
enrolled healthy subjects served as control regarding inflam-
matory mediators without intervention.
Sputum samples and NL from all CF patients were
collected at baseline and after approximately 14 days of
treatment. Additionally, all CF patients underwent routine
spirometry and biochemical blood analysis prior to therapy,
according to the clinical standards in the Jena CF Center.
Furthermore, patients and healthy subjects were assessed
for UAW-related symptoms and health-related QoL by the
Sinonasal Outcome Test 20 in its German Adapted Version
(SNOT-20-GAV).
The study was approved by the Ethics Committee of the
Faculty of Medicine, University of Jena, Germany (refer-
ence number: 2909/08-10). Written informed consent was
obtained from each subject or their parental guardians.
2.2. Nasal Lavage. NL, using 10mL of sterile isotonic saline
(0.9% NaCl, Braun, Melsungen, Germany) per nostril,
was performed as described previously [32]. Immediately
after collection, NL fluid was either aliquoted with and
without protease inhibitor (PI) (Protease Inhibitor Mix
G, SERVA Electrophoresis GmbH, Heidelberg, Germany)
or centrifuged for 7min at 400 rpm. Supernatants were
aliquoted with and without PI and frozen at −70∘C. For
cytological analysis, 5mL of NL was added to 0.5mL fetal
calf serum (FCS, Biochrom AG, Berlin, Germany). The sus-
pension was centrifuged for 7min at 400 rpm. Supernatant
was discarded leaving 1mL for resuspension of the cell pellet.
100 𝜇L of FCS was added.
2.3. Sputum. Sputum samples were collected from patients
by spontaneous expectoration. Immediately after collection,
samples were diluted with four times the sputum volume of
sterile phosphate buffered saline (PBS) and homogenized.
Afterwards, four times the sputum volume of freshly pre-
pared dithiothreitol (DTT) and 0.2mL/g sputum of DNase
(Roche, Basel, Switzerland) were added, vortexed for 30
seconds, and filtered. 100𝜇L of FCS was added to 1mL of the
suspension for cytological analysis. The filtrated suspension
was centrifuged for 7min at 400 rpm. Supernatants were
aliquoted with and without PI and frozen at −70∘C [33].
2.4. Microbiology. Microbial analyses of NL and sputum col-
lected before and after IV-antibiotic therapy were performed
according to European standards. Chronic colonization was
stated using the criteria published by Lee et al. [34]. The
following bacteria frequently found in NL and sputum cul-
tures were considered as part of the physiological flora of the
humannasopharynx:Neisseria spp., alpha-hemolytic strepto-
cocci, coagulase-negative staphylococci, corynebacteria spp.,
stomatococci, and nonhemolytic streptococci [35, 36].
2.5. Cytology andProteinConcentrations. Theanalysis of total
cell counts (TCC) and the automated cell differentiation were
performed using fluorescence flow cytometry (Sysmex XE-
5000, Sysmex Deutschland GmbH, Norderstedt, Germany)
in Body Fluid Modus. For cytological differentiation (100
cells), cytospin preparations (100×g, 3min) were prepared.
Levels of total protein were measured using 3𝜇L of NL and
supernatants of sputum on an LVis Plate (SPECTROstar
Omega, Omega-Data Analysis, BMG Labtech, Ortenberg,
Germany) at 280 nm wavelength.
2.6. Inflammatory Mediators
2.6.1. Multiplexed Immunoassays. Concentrations of MMP-9
and TIMP-1 (Milliplex MAP Kit, Millipore Corporation, Bil-
lerica, USA, Human MMP Panel 2 number HMMP2MAG-
55K, Human TIMP Panel 1 number HTMP1MAG-54K) were
measured by applying multiplexed immunoassays according
to the manufacturers’ instructions. In brief, all different
antibody-coated beads were incubated with 25 𝜇L of NL or
sputum. Sputumwas diluted using assay buffer (MMP-9 1 : 20,
TIMP-1 1 : 4). For detection, antibodies and streptavidin were
added. Samples were measured using Bio-Plex 200 System.
Results were calculated by using Bio-Plex Manager 6.0.
2.6.2. ELISA. Analysis of NE, SLPI, and CTSS in NL and
sputum was done in duplicate using ELISA according to the
manufacturers’ instructions (PMN Elastase ELISA, Milenia
Biotec, Gießen, Germany, number MKEL1; SLPI ELISA,
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number E91312Hu; CTSS ELISA, number E91933Hu, Uscn
Life science Inc., Wuhan, China). Additionally, sputum was
diluted 1 : 10 for NE and CTSS detection and 1 : 100 for SLPI
with assay buffer. For washing an automated washer (SLT
Typ Columbus, Labtechnologies, Austria) and for detection a
spectrometer FluoStarGalaxy (BMGLabtechnologies,Offen-
burg, Germany) were used.
2.7. SNOT-20-GAV. The SNOT-20-GAV is a disease-specific
20-item survey on rhinological and general complaints as
well as on QoL for patients with rhinosinusitis [37, 38].
Scores were assessed before and after IV treatment and range
between 0 and 5 for each item, with higher scores indicating a
greater health-related burden by rhinosinusitis. In this study,
the SNOT overall score with all 20 items was included for
evaluation.
2.8. Statistical Analysis. Data was evaluated using MS Excel,
IBM SPSS 21.0, and Graph Prism 6. Longitudinal values
of measured parameters were compared using Wilcoxon
test. Data analysis was performed using descriptive statistics,
including absolute and relative frequencies, mean and stan-
dard deviation, and median and range. Correlations between
measured inflammatory markers in transverse sections and
clinical or serological parameters were done using Spearman’s
Rho. Analyzed groups were compared performing Mann-
Whitney U test. Statistical value of 𝑃 ≤ 0.05 was considered
significant.
3. Results
3.1. Demographic Data. 17 CF patients (10 female/7 male,
mean age 25.1 yrs, range 8–35) who attended in the Jena
University Hospital CF Center, Germany, were included.
Patients received either an elective routinely IV-antibiotic
treatment (18/19) or an IV treatment for acute pulmonary
exacerbation (APE) (1/19). Median duration between the first
and second dates within the study resulted in 15 days (range
12–23 days). The 20 healthy controls (15 female/5 male) were
aged 28.5 years by mean (range: 23–48 years).
5 of 17 patients fulfilled the criteria for chronic rhi-
nosinusitis (CRS) according to EPOS 2012 criteria [46].
Sinonasal symptoms SNOT-20-GAVscores decreased signifi-
cantly (𝑃 = 0.001) during therapy from a mean of 27.3 points
(median = 26; range: 6–56 points) to 17.4 points (median =
19; range: 3–44 points) as seen in Figure 1; in contrast to CF
patients prior to therapy the included healthy subjects stated
a mean of 4.7 points (median = 3; range = 0–26; 𝑃 = 0.033,
𝑟 = 0.489).
Serological inflammation markers, for example, CRP and
ESR, were determined only prior to IV therapy. No significant
correlations between inflammatory mediators in sputum
and NL and systemic inflammation markers were found.
Further clinical and serological data of included patients are
presented in Tables 1 and 2.
3.2. Microbiological Data. At inclusion date pathogenic bac-
teria and/or fungi were detected in 12 (63.2%) and 16 (84.2%)
Table 1: Clinical, microbiological, and serological characteristics of
included patients and healthy controls.
Nominal variables 𝑁 Absolute frequency
Cystic fibrosis patients
Gender (female) 17 10 (58.8%)
Nasal polyps 17 5 (29.4%)
History of sinonasal surgery 17 6 (35.3%)





House dust mite 3 (17.6%)
Grass pollen 2 (11.8%)
Pet hair (cat/dog) 2 (11.8%)/1 (5.9%)
ABPA 17 2 (11.8%)
Allergic rhinitis 17 2 (11.8%)












Current oral antibiotics 9 (52.9%)
Current inhalative antibiotics 16 (94.1%)
Recombinant DNAse 10 (58.8%)
Nasal topical bronchial steroids 8 (47.1%)
Current oral antimycotics 10 (58.8%)




P. aeruginosa intermittent 4 (23.5%)




P. aeruginosa intermittent 3 (17.6%)




P. aeruginosa (nonmucoid) 4 (21.1%)
S. aureus 2 (10.5%)
MRSA 2 (10.5%)




P. aeruginosa (nonmucoid) 7 (36.8%)
S. aureus 3 (15.8%)
MRSA 2 (10.5%)




Exotoxin A/borderline 9 (56.3%)/1 (6.3%)





Allergic rhinitis 1 (5%)
Allergy in general 4 (20%)
Postnasal drip 4 (20%)
History of ORL surgery 5 (25%)
Snore 3 (15%)
*1Permanent and intermittent colonization were stated using the criteria
published by Lee et al. [34]. Chronic colonization is defined if 50% or more
of cultures within the last year were found positive and intermittent if less
than 50% of cultures within the last year were found positive.
*2At inclusion date.
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Table 2: Clinical and serological characteristics of included patients and healthy controls.
Metric and ordinal variables 𝑁 Mean ± SD Median Range
Age (yrs) 17 25.5 ± 7.1 25.0 8–35
BMI (kg/m2) 17 19.5 ± 3.6 19.2 14.7–29.3
FEV1 (l)/(% predicted) 17 1.9 ± 1.3 (57.9 ± 38.1) 1.3 (38.1) 0.8–5.7 (25–141)
MEF75/25 (l)/(% predicted) 13 1.4 ± 1.4 (36.9 ± 40.4) 0.7 (19.0) 0.3–4.6 (8.0–139.8)
ESR (mm/h) 18 34.3 ± 26.0 24.0 2–85
CRP (mg/l) 19 18.6 ± 30.5 5.7 0.5–108.1
Total IgG (g/l) 19 16.5 ± 4.7 17.4 9.5–27.8
Total IgE (kU/l) 18 324.3 ± 529.0 62.7 6.4–1568
SNOT-GAV-20
Prior to therapy 19 27.3 ± 13.7 26.0 6–56




28.2 ± 7.4 25.0 23–48
BMI (kg/m2) 21.9 ± 3.1 21.0 17.7–28.3









Before therapy Aer therapy Healthy controls
P = 0.001
P = 0.033
Figure 1: Comparison of SNOT-20-GAV scores before and after IV-
antibiotic therapy in CF and in healthy controls. In CF a significant
decrease was shown during therapy from a median of 26 points to
19 points (𝑃 = 0.001) which was still elevated (n.s.) compared to
healthy controls (median: 3 points).
out of 19 patients for NL and sputum and at exclusion date in
10 (52.6%) and 11 patients (57.9%). P. aeruginosawas the most
commonly cultured bacterium detected in both the upper
and lower airways before therapy. 42.1% of NL and 52.6%
of sputum samples revealed the pathogen prior to therapy
and detection rates declined to 36.8% for both sputum and
NL after therapy. Whereas S. aureus including MRSA was
less frequent in sputum samples (21.1% of NL and 26.3% in
sputum) before therapy, nonewere detectable after therapy.E.
coliwas detected in 4 patients. Culture-basedmicrobiological
findings of both patients and controls before and after therapy
are displayed in Table 3.
Chronic colonization of the UAW or LAW with P. aerug-
inosa was found in 4 (23.5%) and 5 (29.4%), respectively, out
of 17 patients; those who were intermittently infected were 4
(23.5%) and 3 (17.6%), respectively, patients [34]. Further data
are shown in Table 1. In four patients chronic colonization
status could not be determined for lack of data.
3.3. Cytological Data and Protein Concentrations. TCC was
assessed for all patients before and after therapy and
decreased in both NL and sputum during therapy. However,
TCC in UAWdid not differ significantly between CF patients
and healthy controls (Figure 2(a)). Again, the decrease of
the median TCC after IV-antibiotic therapy was statistically
significant only in sputum (𝑃 = 0.005; see Figure 2(b)).
Significant positive correlations were found between TCC
and MMP-9 (𝑟 = 0.805UAW1, 𝑃 < 0.001; 𝑟 = 0.620UAW2,
𝑃 = 0.008) before and after IV therapy. Changes of
TCC correlated significantly with changes of protein (𝑟 =
0.706LAW1, 𝑃 = 0.013; 𝑟 = 0.846LAW2, 𝑃 = 0.001) at both time
points. Interestingly, only after IV therapy TCC correlated
significantly with MMP-9 (𝑟 = 0.620UAW2, 𝑃 = 0.008) and
protein (𝑟 = 0.586UAW2, 𝑃 = 0.017; 𝑟 = 0.846LAW2, 𝑃 = 0.001)
in both airways.
A decline of the median protein concentrations during
IV-antibiotic treatment was seen for both airways (Figures
2(c) and 2(d)). However, statistical significance (𝑃 = 0.008)
was reached only for the LAW. In healthy controls protein
concentrations in NL resulted to be similar to CF patients.
Changes of protein concentrations and cytology in the UAW
and LAW as well as the results of healthy controls are
summarized in Table 4.
3.4. Standardization by TCC and Protein. For standardiza-
tion of the immunological markers, we divided the measured
values by concentrations of TCC and protein. Calculated
values did not differ significantly when related to protein
concentrations. Therefore, we can exclude protein concen-
trations as bias. In contrast, normalization by TCC resulted
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Table 3: Culture-based detection of pathogens in UAW and LAW before and after IV-AB therapy.
Age/gender Site Before therapy After therapy
Pat. 1 35 yrs/m

































































Pat. 6 25 yrs/f
Intermittent P.a.+ LAW










UAW Culture negative P. aeruginosa




UAW Culture negative Culture negative
LAW Yeast Yeast
Pat. 9 18 yrs/m*
UAW n.m. Culture negative
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Table 3: Continued.

































































f = female, m = male, and n.m. = not measured.
*Chronic colonization status not evaluable due to lack of data.
















Total protein (mg/mL) 0.26 0.38 0.32 0.14–0.51 0.12–0.61 0.08–0.69
0.734*
0.073∘
TCC (TCC/𝜇L) 19 36 22 2–95 5–433 3–259 0.178
*
0.078∘
PMN (%) 78.5 69 88 42–100 0–90 45–100
0.011*
0.044∘




Total protein (mg/mL) 6.5 3.8 3.0–15.9 1.4–9.1 0.008*
TCC (TCC/𝜇L) 3452 1272 400–21234 408–6788 0.005*
PMN (%) 84 88 26–95 39–96 0.636*
MN (%) 16 12 6–74 4–61 0.636*
*P value between CF prior to and after therapy; ∘P value between CF prior to therapy and healthy controls in UAW.
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Figure 2: Changes of TCC and protein concentration. Both decreased in UAW and LAW after IV-antibiotic therapy, but only the decline in
the LAW was shown to be statistically significant for TCC (b) and protein (d). Similar results were seen for CF patients’ UAW and healthy
controls (a + c).
in differences for all assessed parameters. Thus, cell count in
secretions critically influences concentrations of inflamma-
tion markers in NL and sputum.
3.5. Analysis of Inflammation Markers in CF Patients before
and after IV Antibiotic Therapy, Compared to Healthy Con-
trols. Regularly detected inflammation markers in UAW
were NE (Figure 3(a)), TIMP-1 (Figure 4(c)), and MMP-9
(Figure 4(a)). In contrast CTSS (Figure 5(b)), TIMP-1 (Fig-
ure 4(d)), and MMP-9 (Figure 4(b)) were found consistently
in LAW, whereas NE (Figure 3(b)) was only detected in 61.5%
before and in 81.3% after therapy. In NL of healthy controls
NE was found regularly; CTSS was detected frequently in
85% of samples. In comparison to CF samples levels of
NE (see Figure 3(a)) and CTSS in NL of healthy controls
were significantly lower (1.66 ng/mL and 0.04 ng/mL, resp., in
comparison to 73.39 ng/mL and 0.07 ng/mL, resp., 𝑃 < 0.001
and 𝑃 < 0.001, resp.). SLPI was hardly detected in the UAW
of CF patients as well as in healthy subjects, being more often
found in LAW (see Figure 5(a)). Frequencies of detection,
detection limits,median, and ranges are listed inTable 5.Only
TIMP-1 decreased significantly during antibiotic therapy
in UAW from 1.83 ng/mL to 1.65 ng/mL (𝑃 = 0.036) as
shown in Figure 4(c). In LAW a significant decrease of
MMP-9 (1359.7 ng/mL to 1195.9 ng/mL; 𝑃 = 0.017) was
found (Figure 4(a)). The ratio of MMP-9/TIMP-1 appeared
to decline as well in NL as in sputum but did not reach
statistical significance (Table 5). A significant correlation was
shown between NE and the MMP-9/TIMP-1 ratio in the
UAW before and after therapy (𝑟 = 0.681, 𝑃 = 0.001 and
𝑟 = 0.515, 𝑃 = 0.035, resp.). The NE/SLPI ratio was 10-
fold higher in CF patients in comparison to healthy controls
(Figure 6(c)); in both compartments no significant change
after IV therapy wasmeasurable due to fewer counts of ratios.
Only a calculation of the SLPI/CTSS ratio for sputum samples
was done as detection frequencies and values were too low
in NL. Before and after treatment MMP-9 in NL correlated
significantly with NE (𝑟 = 0.587UAW1, 𝑃 = 0.008 and
𝑟 = 0.501UAW2, 𝑃 = 0.029). Only at inclusion a significant
correlation between MMP-9 and TIMP-1 (𝑟 = 0.605UAW1,
𝑃 = 0.006) was detected.
4. Discussion
The airway system of CF patients is commonly infected
with pathogens that cannot be effectively cleared due to
the underlying ion channel defect and the resulting viscous
secretions.The pathogens’ virulence factors and the resulting
157Seite 157
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Figure 3: Changes of NE. Levels decreased in the UAW (a) after IV-antibiotic therapy. NE was statistically significantly lower in healthy
controls compared to CF patients (𝑃 < 0.0001). In the LAWmedian levels increased after therapy, but five of seven matched pairs diminished
after therapy (b).


















































Figure 4: Changes of MMP-9 and its inhibitor TIMP-1. Levels of MMP-9 decreased in UAW (a) and LAW (b) after therapy; only changes
in LAW reached statistical significance. Concentrations of TIMP-1 decreased significantly in the UAW (c) while levels increased in the LAW
(d).
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Figure 5: Changes of SLPI and CTSS.








(a) MMP-9/TIMP-1 ratio UAW

















































































(d) SLPI/CTSS ratio LAW
Figure 6: Ratios of proteases and antiproteases: MMP-9/TIMP-1 ratio (a) was higher in the LAW (b), whereas NE/SLPI ratio (c) was higher in
the UAWand in healthy controls. SLPI/CTSS (d) was only calculable in the bronchial compartment for low detection rates of both parameters
in the UAW. For all of these ratios in UAW and LAW changes did not reach statistical significance. 1 = before therapy; 2 = after therapy.
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inflammatory host response relevantly contribute to pul-
monary destruction. The UAW are coming into the clinical
and scientific focus as they were identified as a reservoir for
initial and persistent airway colonization with pathogens like
S. aureus and P. aeruginosa, that can be followed by LAW
colonization, inflammation, and deterioration [25, 28]. Our
previous studies assessed the correlation of colonization and
inflammation in different airway compartments [16, 20, 47,
48]. Here, we assessed changes in pathogen colonization,
proteases, antiproteases, and cells as well as symptoms after
elective IV-antibiotic treatments primarily directed against P.
aeruginosa.
In general, concentrations of detected proteases, antipro-
teases, and cells were lower in the UAW compared to LAW
and even lower in theUAWof healthy controls. Fluid dilution,
consistence, and origin of samples as well as processing of
the materials may play a role in these differences. Otherwise,
recent studies revealed different defense mechanisms in
the upper and lower airway compartments; Kasper Aanaes
showed that IgA plays a pronounced role in theUAWwhereas
a neutrophil-dominated host responsewith a strong oxidative
burst is characteristic of the LAW first line host defense
mechanisms [49, 50].
Reduction of TCC was found in NL and sputum, but
only in sputum decreases reached statistical significance (𝑃 =
0.005) as reported earlier in our group [48]. Similar results
were found in protein concentrations; decline was seen in
both airway levels, but again, only in the pulmonary compart-
ment, changes reached statistical significance (proteinLAW:
𝑃 = 0.008) (see Figure 2(d)). In accordance with other
studies that investigated an association of LAW inflammatory
mediators with lung function, we neither found a significant
correlation of MMP-9 nor TIMP-1 with FEV1 [13, 51].
However, NE in the LAW correlated significantly with FEV1
(𝑃 = 0.033, 𝑟 = 0.593) before treatment. As we only assessed
pulmonary function prior to IV-antibiotic therapy we are not
able to make a statement on how lung function correlated
with proteases in NL and sputum on the long run.
Altogether, chronic lung diseases and inflammation are
characterized by an imbalance of protease and antiprotease.
In CF patients with bronchiectasis, elevated MMP-9 levels
have been reported compared to non-CF bronchiectasis
patients and healthy controls [52]. Besides elevated concen-
trations of MMP-9 and TIMP-1, an increasedMMP-9/TIMP-
1 ratios have been reported from sputum and BAL [13, 17, 18].
In our study, concentrations ofMMP-9 decreased in theUAW
as well as in the LAW during IV-antibiotic treatment while
levels of its main inhibitor TIMP-1 attenuated in NL but even
rose in sputum of CF patients. Interestingly, the reduction
of MMP-9 in LAW resulted in a decline of MMP-9/TIMP-1
ratio after therapy, suggesting the ratio as a good marker for
therapeutic success.The trend for reduction ofMMP-9 in our
study points to the inhibition of inflammation throughout the
antibiotic treatment and may serve as an interesting marker
to assess therapeutic effects in future studies.
Coherence between NE, MMP-9, and TIMP-1 has been
described previously [13, 15, 19]. Gaggar et al. demon-
strated a strong correlation between NE and MMP-9 in
CF patients’ sputum [15]. Due to the modified balance of
MMP-9 and TIMP-1, progressive damage of lung tissue
mediated by increased NE levels as well as an elevated
humoral inflammation and influx of inflammatory cells is
the consequence [13]. Furthermore, neutrophils can release
MMP-9 in response to the proinflammatory cytokine TNF,
which enhances tissue degradation. In our studyMMP-9 and
NE correlated significantly only in the UAW prior to and
after therapy (𝑃 = 0.009, 𝑟 = 0.582 and 𝑃 = 0.031, 𝑟 =
0.496, resp.). In contrast to Jackson et al. [19] we only found
a significant correlation between NE and the MMP-9/TIMP-
1 ratio in the UAW, detectable for both times of assessment
(𝑃 = 0.001, 𝑟 = 0.681 and 𝑃 = 0.035, 𝑟 = 0.515, resp.). In
this respect, the previously described proteolytic imbalance
in the LAW also has to be regarded for the UAW, which
underlines the need to look upon the CF patients’ upper and
lower airways as one airway system.
Our findings confirmed the chronic neutrophil-
dominated pulmonary inflammation in CF resulting in
higher levels of NE in the airway surface liquid not only
being relevant in LAW, but also affecting the UAW [16].
In our patients, NE in NL prior to therapy was 44-fold
increased when compared to healthy subjects (𝑃 < 0.001).
This accords well with LAW data from Gaggar et al. who
reported a 40-fold increased activity of NE in sputum of
CF patients compared to healthy controls [15]. Within
the IV-antibiotic treatment, levels of NE decreased in NL,
different from our results obtained in a previous study [47].
This difference possibly is caused by a shorter observation
period of 6 days in the preceding report, compared to
14 days in the present study. Unlike other publications
demonstrating a significant decrease of NE in sputum after
antibiotic therapy [40], median NE levels redoubled in our
study. However, regarding matched values for NE before and
after therapy, in five of seven patients the enzyme decreased
during treatment and the huge increase in the remaining
two patients cause this surprising increase of medians (see
Figure 3(b)). Explanation may be that NE can be bound
within neutrophil-extracellular traps (NETs), which are part
of the innate immunity composed of granule and nuclear
constituents, for example, DNA. NETs are regularly found
in sputum of CF patients and are released by activated
neutrophils [53]. Due to the routine usage of DNAse in CF
patients NETs can be cleared leading to elevated levels of
NE [54]. As we used DNAse in processing of sputum, more
NE may be liberated and increased concentrations can be
measured.
Previously Weldon et al. reported that SLPI is suscep-
tible to proteolytic degradation by NE in chronic infection
whereby it neutralizes the anti-NE capacity of SLPI [55]. The
imbalance may be enhanced by high burdens of NE in ASL
which can overwhelm and inactivate SLPI [8]. Additionally,
SLPI as an immunomodulatory protein is capable of decreas-
ing MMP-9 in monocytes [56]. Low detection frequencies of
SLPI in all assessed materials are a limitation of the present
study. As induced sputum was not taken from controls,
a comparison to SLPI levels in the healthy could not be
performed. However, during therapy, levels of SLPI increased
in sputum whereas its concentrations in NL of CF patients as
those of healthy controls remained low, if detectable.
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Also CTSS has the potential to cleave and inactivate SLPI
which further increases NE levels and facilitates bacterial
colonization and infection [9, 57]. Lecaille et al. assessed the
cleavage of surfactant protein A, which belongs to the innate
immunity, system byCTSSwhich also facilitates infections by
pathogens like P. aeruginosa [58]. However, in healthy lungs,
cathepsins have not been detected routinely, but they may be
stimulated by different mediators, such as IFN-𝛾 or IL-13 [9].
Whereas our findings of elevated cathepsin levels in sputum
confirm earlier reports, detection frequencies and levels of
CTSS in NL compared to healthy controls were rather low.
Interestingly, inverse results of calculated protease/anti-
protease ratios were found in both airway levels. While
MMP-9/TIMP-1 ratios were higher in the LAW than in
the UAW before and after therapy (65-fold: 26.1/0.4 and
87-fold: 17.4/0.2, resp.), NE/SLPI ratios were higher in the
sinonasal compartment compared to the lung (306-fold:
919.1/3.0 and 134-fold: 658.1/4.9, resp.) (Figure 1). These
MMP-9/TIMP-1 and NE/SLPI ratios accord well with recent
findings from Hentschel et al. who additionally detected
elevated SLPI/CTSS values in LAW compared to UAW (16-
fold) [16]. As expected,MMP-9/TIMP-1 ratios showed a trend
to decrease during systemic treatment in both airway levels
(UAW: 1.9-fold, LAW: 1.5-fold, not statistically significant).
In this regard, it is remarkable that even clinical stable CF
patients with mild pulmonary disease revealed an imbalance
of the MMP-9/TIMP-1 ratio in BAL indicating the contribu-
tion of the proteases in the chronic inflammatory process in
CF lung disease [17]. While in our patients the NE/SLPI ratio
in the UAWwas 1.4-fold higher before therapy, inverse results
were shown for the LAW where the ration was higher after
therapy (1.6-fold). Compared to healthy results, NE/SLPI
ratio was 10-fold elevated in the sinonasal compartment.
This paper for the first time compares changes in
UAW and LAW colonization pattern after IV-antibiotic
treatment. Before and after therapy P. aeruginosa was fre-
quently detected in the UAW and LAW of the patients
with history of chronic colonization with this pathogen
(see Table 3) indicating that the IV-antibiotic treatment
may reduce but not eradicate colonization and reduce the
resulting inflammatory response. Further analyses assessing
the upper and lower airways’ microbiome by molecular
methods with a comparable study design are of high scientific
interest.
Only few studies examined changes of sinonasal symp-
toms and health-related QoL during targeted therapy in CF
patients. In this regard, Mainz et al. reported a significant
reduction of symptoms assessed by the SNOT-20-GAV scores
after sinonasal inhalation with dornase alfa or tobramycin
[59, 60]. Savastano et al. evaluated the postoperative outcome
of CF patients undergoing sinonasal surgery for CRS and
nasal polyposis using the SNOT-22 score and also concluded
a positive impact on QoL [23]. In our study, a remarkable
improvement of SNOT-20-GAV scores was found after IV-
antibiotic treatment. However, scores still were significantly
higher when compared to those of healthy controls (see
Figure 1). In conclusion, elective IV-antibiotic treatment
does not only improve LAW inflammation; it also reduces
subjective symptoms of the UAW and general QoL.
5. Conclusion
The present paper for the first time demonstrates changes
in UAW and LAW proteases and antiproteases (NE, SLPI,
CTSS, MMP-9, and TIMP-1) and pathogen colonization after
IV-antibiotic therapy. Further analyses on changes of the
protease/antiprotease imbalance especially in the paranasal
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[3] G. Döring, P. Flume, H.Heijerman, and J. S. Elborn, “Treatment
of lung infection in patients with cystic fibrosis: current and
future strategies,” Journal of Cystic Fibrosis, vol. 11, no. 6, pp. 461–
479, 2012.
[4] D. Hartl, A. Gaggar, E. Bruscia et al., “Innate immunity in cystic
fibrosis lung disease,” Journal of Cystic Fibrosis, vol. 11, no. 5, pp.
363–382, 2012.
[5] N. Rieber, A. Hector, M. Carevic, and D. Hartl, “Current
concepts of immune dysregulation in cystic fibrosis,” The
International Journal of Biochemistry & Cell Biology, vol. 52, pp.
108–112, 2014.
[6] S. D. Sagel and F. J. Accurso, “Monitoring inflammation in CF,”
Clinical Reviews in Allergy & Immunology, vol. 23, no. 1, pp. 41–
57, 1992.
[7] A. Burkett, K. L. Vandemheen, T. Giesbrecht-Lewis et al.,
“Persistency of Pseudomonas aeruginosa in sputum cultures and
clinical outcomes in adult patients with cystic fibrosis,” Euro-
pean Journal of Clinical Microbiology and Infectious Diseases,
vol. 31, no. 7, pp. 1603–1610, 2012.
[8] C. M. Greene and N. G. McElvaney, “Proteases and antipro-
teases in chronic neutrophilic lung disease—relevance to drug
discovery,” British Journal of Pharmacology, vol. 158, no. 4, pp.
1048–1058, 2009.
[9] C. C. Taggart, C. M. Greene, S. G. Smith et al., “Inactivation
of human 𝛽-defensins 2 and 3 by elastolytic cathepsins,” The
Journal of Immunology, vol. 171, no. 2, pp. 931–937, 2003.
[10] P. J. Wolters and H. A. Chapman, “Importance of lysosomal
cysteine proteases in lung disease,” Respiratory Research, vol. 1,
no. 3, pp. 170–177, 2000.
[11] S. Tate, G.MacGregor, M. Davis, J. A. Innes, and A. P. Greening,
“Airways in cystic fibrosis are acidified: detection by exhaled
breath condensate,”Thorax, vol. 57, no. 11, pp. 926–929, 2002.
[12] S. E. Williams, T. I. Brown, A. Roghanian, and J.-M. Sallenave,
“SLPI and elafin: one glove, many fingers,” Clinical Science, vol.
110, no. 1, pp. 21–35, 2006.
[13] S. D. Sagel, R. K. Kapsner, and I. Osberg, “Induced sputum
matrix metalloproteinase-9 correlates with lung function and
airway inflammation in children with cystic fibrosis,” Pediatric
Pulmonology, vol. 39, no. 3, pp. 224–232, 2005.
[14] A. Gaggar, A. Hector, P. E. Bratcher, M. A. Mall, M. Griese, and
D. Hartl, “Series ‘matrix metalloproteinases in lung health and
disease’: the role of matrix metalloproteinases in cystic fibrosis
lung disease,” European Respiratory Journal, vol. 38, no. 3, pp.
721–727, 2011.
[15] A.Gaggar, Y. Li, N.Weathington et al., “Matrixmetalloprotease-
9 dysregulation in lower airway secretions of cystic fibrosis
patients,” American Journal of Physiology—Lung Cellular and
Molecular Physiology, vol. 293, no. 1, pp. L96–L104, 2007.
[16] J. Hentschel, N. Fischer, W. K. Janhsen et al., “Protease–
antiprotease imbalances differ between Cystic Fibrosis patients’
upper and lower airway secretions,” Journal of Cystic Fibrosis,
2014.
[17] F. Ratjen, C.-M. Hartog, K. Paul, J. Wermelt, and J. Braun,
“Matrix metalloproteases in BAL fluid of patients with cystic
fibrosis and their modulation by treatment with dornase alpha,”
Thorax, vol. 57, no. 11, pp. 930–934, 2002.
[18] C. Delacourt, M. Le Bourgeois, M.-P. D’Ortho et al., “Imbalance
between 95 kDa type IV collagenase and tissue inhibitor of
metalloproteinases in sputum of patients with cystic fibrosis,”
American Journal of Respiratory and Critical Care Medicine, vol.
152, no. 2, pp. 765–774, 1995.
[19] P. L. Jackson, X. Xu, L. Wilson et al., “Human neutrophil
elastase-mediated cleavage sites of MMP-9 and TIMP-1: impli-
cations to cystic fibrosis proteolytic dysfunction,” Molecular
Medicine, vol. 16, no. 5-6, pp. 159–166, 2010.
[20] N. Fischer, J. Hentschel, U. R. Markert, P. M. Keller, M.W. Pletz,
and J. G. Mainz, “Non-invasive assessment of upper and lower
airway infection and inflammation in CF patients,” Pediatric
Pulmonology, vol. 49, no. 11, pp. 1065–1075, 2014.
[21] N. Beiersdorf, M. Schien, J. Hentschel, W. Pfister, U. R.Markert,
and J. G. Mainz, “Soluble inflammation markers in nasal
lavage from CF patients and healthy controls,” Journal of Cystic
Fibrosis, vol. 12, no. 3, pp. 249–257, 2013.
[22] J. G. Mainz and A. Koitschev, “Management of chronic rhinosi-
nusitis in CF,” Journal of Cystic Fibrosis, vol. 8, pp. S10–S14, 2009.
[23] V. Savastano, S. Bertin, T. Vittori, C. Tripodi, and G. Magliulo,
“Evaluation of chronic rhinosinusitis management using the
SNOT-22 in adult cystic fibrosis patients,” European Review for
Medical and Pharmacological Sciences, vol. 18, no. 4, pp. 1985–
1989, 2014.
[24] S. K. Hansen, M. H. Rau, H. K. Johansen et al., “Evolution
and diversification of Pseudomonasaeruginosa in the paranasal
sinuses of cystic fibrosis children have implications for chronic
lung infection,”The ISME Journal, vol. 6, no. 1, pp. 31–45, 2011.
[25] J. G. Mainz, R. Michl, W. Pfister, and J. F. Beck, “Cystic fibrosis
upper airways primary colonization with Pseudomonas aerug-
inosa: eradicated by sinonasal antibiotic inhalation,” American
Journal of Respiratory and Critical CareMedicine, vol. 184, no. 9,
pp. 1089–1090, 2011.
[26] J. G. Mainz, J. Hentschel, C. Schien et al., “Sinonasal persistence
of Pseudomonas aeruginosa after lung transplantation,” Journal
of Cystic Fibrosis, vol. 11, no. 2, pp. 158–161, 2012.
[27] R. F.H. Taylor, D.W.Morgan, P. S. Nicholson, I. S.Mackay,M. E.
Hodson, and T. L. Pitt, “Extrapulmonary sites of Pseudomonas
aeruginosa in adults with cystic fibrosis,” Thorax, vol. 47, no. 6,
pp. 426–428, 1992.
163Seite 163
Mediators of Inflammation 15
[28] J. G. Mainz, L. Naehrlich, M. Schien et al., “Concordant geno-
type of upper and lower airways P. aeruginosa and S. aureus
isolates in cystic fibrosis,” Thorax, vol. 64, no. 6, pp. 535–540,
2009.
[29] N. Høiby, “Recent advances in the treatment of Pseudomonas
aeruginosa infections in cystic fibrosis,” BMC Medicine, vol. 9,
article 32, 2011.
[30] L. Breen and N. Aswani, “Elective versus symptomatic intra-
venous antibiotic therapy for cystic,”The Cochrane Database of
Systematic Reviews, vol. 7, Article ID CD002767, 2012.
[31] H. E. Elphick and N. Jahnke, “Single versus combination
intravenous antibiotic therapy for people with cystic fibrosis,”
Cochrane Database of Systematic Reviews, no. 4, Article ID
CD002007, 2014.
[32] J. Hentschel, U. Müller, F. Doht et al., “Influences of nasal lavage
collection-, processing- and storage methods on inflammatory
markers—evaluation of a method for non-invasive sampling
of epithelial lining fluid in cystic fibrosis and other respiratory
diseases,” Journal of Immunological Methods, vol. 404, no. 1, pp.
41–51, 2014.
[33] A. Hector, F. Jonas, M. Kappler, M. Feilcke, D. Hartl, and M.
Griese, “Novel method to process cystic fibrosis sputum for
determination of oxidative state,” Respiration, vol. 80, no. 5, pp.
393–400, 2010.
[34] T. W. R. Lee, K. G. Brownlee, S. P. Conway, M. Denton, and
J. M. Littlewood, “Evaluation of a new definition for chronic
Pseudomonas aeruginosa infection in cystic fibrosis patients,”
Journal of Cystic Fibrosis, vol. 2, no. 1, pp. 29–34, 2003.
[35] J. A. Aas, B. J. Paster, L. N. Stokes, I. Olsen, and F. E. Dewhirst,
“Defining the normal bacterial flora of the oral cavity,” Journal
of Clinical Microbiology, vol. 43, no. 11, pp. 5721–5732, 2005.
[36] D. N. Frank, L. M. Feazel, M. T. Bessesen, C. S. Price, E.
N. Janoff, and N. R. Pace, “The human nasal microbiota and
Staphylococcus aureus,” PLoS ONE, vol. 5, no. 5, Article ID
e10598, 2010.
[37] I. Baumann, G. Blumenstock, M. Praetorius, C. Sittel, J. F. Pic-
cirillo, and P. K. Plinkert, “Patients with chronic rhinosinusitis:
disease-specific and general health-related quality of life,”HNO,
vol. 54, no. 7, pp. 544–549, 2006.
[38] J. F. Piccirillo, M. G.Merritt Jr., andM. L. Richards, “Psychome-
tric and clinimetric validity of the 20-Item Sino-Nasal Outcome
Test (SNOT-20),” Otolaryngology: Head and Neck Surgery, vol.
126, no. 1, pp. 41–47, 2002.
[39] F. K. Dunlevy, S. L. Martin, F. de Courcey, J. S. Elborn, and
M. Ennis, “Anti-inflammatory effects of DX-890, a human
neutrophil elastase inhibitor,” Journal of Cystic Fibrosis, vol. 11,
no. 4, pp. 300–304, 2012.
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2.4.4 Sino nasal inhalation of isotonic versus hypertonic saline (6.0%) in CF 
patients with chronic rhinosinusitis - Results of a multicenter, 
prospective, randomized, double-blind, controlled trial. 
Mainz JG, Schumacher U, Schädlich K, Hentschel J, Koitschev C, Koitschev A, 
Riethmüller J, Prenzel F, Sommerburg O, Wiedemann B, Staab D, Gleiber W, Fischer 
R, Beck JF, Arnold C; Cooperators. J Cyst Fibros. 2016 Nov;15(6):e57-e66.70 
 
Mukolytika sind für die Therapie der oberen Atemwege sehr wichtig. Neben rekombinanten 
DNasen wie Dornase alpha  zeigen auch isotone Saline Effekte auf die sinunasalen Parameter 
des SNOT-GAV102. Daher war der Ansatz der vorliegenden Arbeit, ob nicht hypertone Saline 
die ersten, bereits positiven Tendenzen bestätigen oder sogar noch übertreffen könnte. Wir 
untersuchten daher 69 Patienten aus 11 deutschen CF-Zentren, welche mittels vibrierender 
Aerosole entweder 0,9 oder 6%ige NaCl-Lösung über einen Zeitraum von 28 Tagen mit 
anschließendem Crossover inhalierten. Primärer Zielparameter war Änderungen im SNOT-
GAV. Wir untersuchten aber auch Inflammationsmediatoren und nasale Flüsse in der 
Rhinomanometrie. Es zeigte sich, dass unter Gabe beider Kochsalzkonzentrationen eine 
Verbesserung der Lebensqualität erreicht werden konnte, unter 0,9%iger NaCl sogar noch 
deutlicher (3 vs 5 Punkte im SNOT), vor allem für die primären nasalen Symptome. Für die 
gemessenen Inflammationsmediatoren NE, IL-1ß, IL-6 und IL-8 ergab sich keine Änderung 
unter Therapie. Verglichen mit der Studie von Mainz et al., 2014 fällt damit der Effekt für 
hypertone Saline geringer aus, als für Dornase alpha. Möglicherweise ist dies durch 
unangenehme Nebeneffekte verursacht, welche die allgemeine Lebensqualität vermindern. 
Hochprozentige Kochsalzlösung kann zu einem recht unangenehmen Brennen der 
Nasenschleimhaut führen. Quantitativ können wir diese Vermutung allerdings nicht belegen. 
Es wurden in der 6%-Gruppe nicht mehr Nebenwirkungen berichtet als in der 0,9%-Gruppe. 
Möglicherweise beeinträchtigen auch Therapieerfolge die Lebensqualität, denn viele 
Patienten berichteten über starke Sekretmobilisation und Schleimhautreizung unter 
hypertoner Saline, die auch nicht immer angenehm empfunden wird. 
Fazit: Möglicherweise ist der SNOT-GAV nicht der geeignete Zielparameter, um die 
Effektivität von hypertoner und isotoner Kochsalzlösung zu vergleichen. Allerdings lassen 
sich Parameter wie Sekretmobilisation schlecht quantifizieren. Kochsalzlösung generell hat 
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Abstract
Background: Chronic rhinosinusitis is a hallmark of Cystic fibrosis (CF) impairing the patients' quality of life and overall health. However,
therapeutic options have not been sufficiently evaluated. Bronchial inhalation of mucolytic substances is a gold standard in CF therapy. Previously,
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we found that sinonasal inhalation of dornase alfa as vibrating aerosol reduces symptoms of chronic rhinosinusitis more effectively than NaCl 0.9%
(net treatment benefit: −5.87 ± 2.3 points, p = 0.017; SNOT-20 total score). This multicenter study compares the effect of NaCl 6.0% vs. NaCl
0.9% following the protocol from our preceding study with dornase alfa.
Methods: Sixty nine CF patients with chronic rhinosinusitis in eleven German CF centers were randomized to receive sinonasal vibrating
inhalation of either NaCl 6.0% or NaCl 0.9% for 28 days. After 28 days of wash-out, patients crossed over to the alternative treatment. The
primary outcome parameter was symptom score in the disease-specific quality of life Sino-Nasal Outcome Test-20 (SNOT-20). Additionally,
pulmonary function was assessed, as well as rhinomanometry and inflammatory markers in nasal lavage (neutrophil elastase, interleukin (IL)-1β,
IL-6, and IL-8) in a subgroup.
Results: Both therapeutic arms were well tolerated and showed slight improvements in SNOT-20 total scores (NaCl 6.0%: −3.1 ± 6.5 points, NaCl
0.9%: −5.1 ± 8.3 points, ns).
In both treatment groups, changes of inflammatory parameters in nasal lavage from day 1 to day 29 were not significant. We suppose that the
irritating properties of NaCl 6.0% reduced the suitability of the SNOT-20 scores as an outcome parameter. Alternative primary outcome parameters
such as MR-imaging or the quantity of sinonasal secretions mobilized with both saline concentrations were, however, not feasible.
Conclusion: Sinonasal inhalation with NaCl 6.0% did not lead to superior results vs. NaCl 0.9%, whereas dornase alfa had been significantly more
effective than NaCl 0.9%.
© 2016 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
Keywords: Hypertonic saline; Sodium chloride; Sino-Nasal Outcome Test-20; Rhinomanometry; Nasal lavage; Inflammation
1. Introduction
Cystic fibrosis (CF) is the most frequent life-shortening
autosomal recessive disorder in the Caucasian population.
The impaired mucus clearance promotes infections and alters
function of many organs especially of the digestive and
respiratory tracts including the lower and upper airways
and paranasal sinuses. In general, CF patients exhibit both,
chronic inflammation of the lower respiratory tract as well as
chronic rhinosinusitis (CRS) [1–6]. The frequency and severity
of ear–nose–throat (ENT) problems are reported by only
10% of the CF patients concerned by CRS [1] and are
significantly underestimated by the attending physicians [4].
Indeed, almost 100% of CF patients exhibit morphological
changes in computed tomography (CT) of the nose and
paranasal sinuses [7]. Furthermore, it was shown, that the
prevalence of rhinosinusitis is up to 63% [8] and the prevalence
of nasal polyps is 50% in adult CF patients [9]. Only 7.1% of
CF patients are free from inflammatory changes in sinonasal
histology [10]. For the lower respiratory tract, the inhalation
of mucolytic and antibiotic substances is the gold standard in
CF therapy. In contrast, conventional inhalation therapy is not
able to deposit relevant amounts of mucolytics or antibiotics
in the paranasal sinuses [11]. Only pulsating aerosols (PARI
Sinus™) facilitate a relevant deposition of nebulized drugs
in the paranasal sinuses as shown by in vitro and in vivo
scintigraphic studies [12–14]. Previously, we performed a
study with sinonasal vibrating inhalation of recombinant
DNAse (dornase alfa) as a mucolytic substance. We found
that dornase alfa significantly reduces sinonasal symptoms
(SNOT-20) in CF patients with CRS compared to NaCl 0.9%
[15,16]. Small improvements were seen with NaCl 0.9%,
which did not reach significance. By the usage of the identical
study design, we aimed to assess in a next step, whether
sinonasal inhalation with hypertonic saline (NaCl 6.0%) applied




The study was conducted as a multicenter, prospective,
randomized, double-blind, controlled, cross-over trial (Fig. 1)
applying the same protocol as in our previous trial on sinonasal
inhalation of dornase alfa in CF patients [15,16]. Patients
fulfilling the study criteria were enrolled in their attending CF
center and randomized to inhale either hypertonic (NaCl 6.0%)
or isotonic saline (NaCl 0.9%) once daily for 28 days. After a
wash-out period of at least 28 days, patients crossed over to the
alternative treatment. Subjects were examined at the beginning
(V1, V3) and the end (V2, V4) of each period. Therapy with
intravenous antibiotics within the wash-out-period delayed the
start of the second period for another 28 days.
2.2. Participants
Participants were enrolled in eleven German CF outpatient
clinics (Berlin, Frankfurt, Greifswald, Hamburg, Heidelberg,
Jena, Leipzig, München, Münster, Tübingen, Würzburg).
Patients aged at least six years with a confirmed diagnosis
of CF (two positive sweat tests and/or genetic analysis) and
with chronic symptoms of rhinosinusitis according to the criteria
of the European Position Paper on Rhinosinusitis [17] were
included.
Informed written consent was obtained from all patients and/
or parental guardians. The study was approved by the local ethics
committees and the Federal Institute for Drugs and Medical
Devices (BfArM) and was registered at ClinicalTrials.gov
(Identifier NCT01086839) in March 2010.
2.3. Interventions and outcomes
Sinonasal inhalation was performed using the PARI SINUS
compressor (PARI GmbH, Starnberg, Germany) together with
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a PARI LC SPRINT SINUS nebulizer. NaCl 6.0% or NaCl
0.9% were aerosolized into one nostril, while the contralateral
nostril was largely occluded and the soft palate elevated. Study
medication (4 mL) was administered once daily, first to one
nostril for 4 min and then to the other for a further 4 min. The
total amount of study medication inhaled per session was ap-
proximately 1 mL per nostril (calculated on Total Output Rate
of 220 mg/min).
From day 1 to day 28 (period 1) or day 57 to day 84 (period 2),
participants nasally inhaled an ampoule NaCl 6.0% or NaCl 0.9%
once daily (24 ± 2 h).
Primary outcome parameter was changes in the Sino-Nasal
Outcome Test (SNOT-20, overall score). Secondary parame-
ters included changes in primary nasal symptoms, secondary
rhinogenous parameters, general quality of life, inflammatory
parameters in nasal lavage (NL), and rhinomanometry.
2.4. Sino-Nasal Outcome Test-20 (SNOT-20)
SNOT-20 is a disease-specific, health-related, 20-item quali-
ty of life measure for patients with rhinosinusitis focusing
on rhinogenous as well as on general discomforts. For the
present study, a validated German adapted version was used.
SNOT-20 scores range between 0 and 5 for each item, with
higher scores indicating a greater health burden. The ques-
tionnaire includes four specific sections: (1) ‘Total SNOT-20
score for all 20 items’; (2) ‘Primary Nasal Symptoms’
(PNS = nasal obstruction, sneezing, running nose, thick
nasal discharge, reduced smelling); (3) ‘Secondary Nasal
Symptoms’ (SNS = postnasal discharge, need to clear one's
throat, cough, ear pressure, ear pain and facial pain/pressure)
and (4) ‘General Quality of Life’ (GQL = dizziness, dif-
ficulty falling asleep, waking up at night, fatigue during day-
time, reduced productivity, reduced concentration, frustrated/
restless/irritable, a feeling of sadness and embarrassment).
A minimum of 13 points in SNOT (excluding ‘cough’)
was taken as inclusion criterion to facilitate a relevant
improvement.
2.5. Nasal lavage (NL)
NL was performed by inserting 10 ml of sterile isotonic
saline (0.9%) into each nostril with a 10 ml syringe. This was
performed in accordance with the standard diagnostic proce-
dure for nasal lavage [18]; head in a slightly reclined position
and the soft palate occluded. A protease inhibitor (Protease
Inhibitor Mix G, Serva, Germany) was added to the native NL
and stored at −80 °C.
2.6. Immunological methods
Quantification of IL-1β, IL6 and IL8 in NL was done using
a cytometric bead array (luminex technique): 25 μl NL were
analyzed via High Sensitivity Kit (HSTCMAG-28SK-03, EMD
Millipore).
Neutrophil elastase (NE) was determined using ELISA:
100 μL NL were analyzed in duplicate using the Polymorpho-
nuclear (PMN) Elastase ELISA according to manufacturer's
instructions (DEH3311, Demeditec Diagnostics GmbH).
2.7. Statistical methods
Data were analyzed with SAS 9.3 for Windows (version
6.1.7601). Open Clinica was used for data management
(Community edition, version 3.0.4). All variables were
described via adequate non-confirmatory statistics (number of
patients, mean, and standard deviation). Values of visit 1, day 1
(period 1) and visit 3, day 57 (period 2) were used as baseline
values. For the characterization of the study population
(baseline data), values of visit 1, day 1 were used. An
additional sensitivity analysis was performed to replace missing
values for the primary endpoint only. The primary and
secondary endpoints were analyzed using a mixed linear
model on treatment differences (NaCl 6.0% versus NaCl
0.9%) with the fixed effects` sequence of treatments´ (NaCl
6.0%–NaCl 0.9% versus NaCl 0.9%–NaCl 6.0%) and ‘period’
(period 1 versus 2) and as random effect the patient nested in
sequence (intention-to-treat-analysis). The significance level
Fig. 1. Design of the study (Random = randomization, V = visit, min = minimum).
e59J.G. Mainz et al. / Journal of Cystic Fibrosis 15 (2016) e57–e66
169Seite 169
was set at alpha = 0.05 (95% confidence intervals are shown).
An additional post-hoc analysis (t-test, Bonferroni correction
(factor 5, alpha = 0.01)) was done to consider treatment effects
in SNOT total score and subscores separately for every treatment
dose (alpha = 0.01).
3. Results
A total of 69 patients were enrolled between April 2010 and
June 2013 (first subject in: 27/04/2010, last subject out: 05/06/
2013). Fig. 2 illustrates the study process including the number
of participants who were randomly assigned, who received
one of the two sequences, who dropped out (with reasons), and
who were analyzed for the primary outcome. Tables 1 and 2
summarize baseline data as well as the clinical characteristics of
participants and findings in each of the study arms.
3.1. Primary outcome analysis
Patients treated with NaCl 6.0% showed a significant
improvement in total SNOT score of 3.1 ± 6.5 points from
day 1 (23.0 ± 10.4) to day 29 of treatment (20.7 ± 10.1).
When treated with NaCl 0.9% a significant improvement in the
SNOT score from day 1 (24.8 ± 11.0) to day 29 (19.4 ± 9.6)
of 5.1 ± 8.3 points was shown. The estimator of the treat-
ment effect is −1.71, 95% confidence interval (−4.21, 0.79).
The difference between the two treatments is not significant
(F1.51 = 1.88, p = 0.18). The additional post-hoc analysis
Fig. 2. Participant flow diagram.
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showed significant treatment effects for both concentrations
of saline. The analysis of the cross over design showed no sig-
nificant sequence (F1.65 = 0.56, p-value 0.46) or period effects
(F1.51 = 2.90, p = 0.095). Fig. 3 demonstrates the changes in
all SNOT-20 items after 28 days of sinonasal inhalation with
either NaCl 0.9% or NaCl 6.0%.
3.2. Secondary endpoints
PNS scores improved by 4.2 ± 13.6 points from day 1 to
day 29 in patients treated with NaCl 6.0% (34.7 ± 14.1 to
31.9 ± 15.8). When treated with NaCl 0.9% an improvement of
the PNS score from day 1 (36.5 ± 15.0) to day 29 (29.4 ± 15.9)
of 7.0 ± 14.3 points was shown. The difference between the
two treatments is not significant (F1.51 = 1.41p = 0.24). The
analysis of the cross-over design did not show significant se-
quence (F1.65 = 2.43, p = 0.12) or period effects (F1,51 = 0.71,
p = 0.40). Patients treated with NaCl 6.0% showed an
improvement in SRS scores from day 1 (22.8 ± 12.1) to day
29 (21.0 ± 13.6) of 2.7 ± 9.8 points. When treated with NaCl
0.9%, SRS scores improved by 3.4 ± 10.4 points from day 1
(24.9 ± 13.8) to day 29 (21.2 ± 12.9). The difference between
the two treatments is not significant (F1.51 = 0.08, p = 0.78).
Patients treated with NaCl 6.0% showed an improvement of the
GQL scores from day 1 (16.7 ± 13.4) to day 29 (14.3 ± 11.8)
of 2.8 ± 8.8 points. When treated with NaCl 0.9% an
improvement of the GQL score from day 1 (18.2 ± 13.8)
to day 29 (12.7 ± 11.1) of 5.1 ± 9.9 points was shown.
The difference between the two treatments is not significant
(F1.51 = 1.75, p = 0.19). The analysis of the cross over design
revealed no sequence-(F1.65 = 0.02, p = 0.88) but a significant
period effect (F1.51 = 6.7, p = 0.013). Patients treated with
either NaCl 6.0% or NaCl 0.9% showed a slight improvement
of nasal airflow (inspiratory flow before decongestion) from
day 1 to day 29.
Composite scores in each treatment arm are shown graphically
in Fig. 4.
In both treatment groups, no significant changes of in-
flammatory parameters (NE, IL1β, IL6, and IL8) in NL from
day 1 to day 29 were observed, although means of IL1ß and
IL8 appeared to be somewhat lower after 28 days of sinonasal
inhalation with hypertonic saline (Fig. 5).
3.3. Safety
Altogether, sinonasal inhalation of hypertonic and isotonic
saline was well tolerated. Safety reports from 59 patients
documented a total of 253 adverse events. Ten of the adverse
events were classified as serious (three pulmonary exacerba-
tions, diabetic imbalance, oesophageal varices bleeding, portal
vein thrombosis, intravenous antibiotic therapy, viral gastro-
enteritis, thorax pain, port catheter implantation). Thirteen
events were probably or very likely related to the interventions
and a total of 86 events were considered to be possibly or
doubtfully related. Adverse events classified as probable (NaCl
0.9%: N = 4, NaCl 6.0%: N = 3, washout: N = 1) or very
likely (NaCl 0.9%: N = 5, NaCl 6.0%: N = 0, washout: N = 0)
related to study medication were epistaxis, otalgia, pain during
inhalation and pressure/burning pain in sinonasal segment. The
remaining 167 events were not related to the study medication.
Adverse events occurred almost equally in both treatment groups
(NaCl 0.9%: N = 80, NaCl 6.0%: N = 74, washout/before start/
after end: N = 99).
4. Discussion
This multicenter, prospective, randomized, double-blind,
controlled trial was performed to assess the effects of hy-
pertonic saline (NaCl 6.0%) vs. isotonic saline (NaCl 0.9%)
inhaled as vibrating aerosol on sinonasal symptoms in CF
patients suffering from CRS. CRS in CF is caused by impaired
mucociliary clearance in the upper airway segment due to
an enhanced viscosity of secretions. Hypertonic saline is a
standard therapy for CF-related pulmonary involvement - based
Table 1
Demographic and clinical characteristics of study participants.
Total NaCl 0.9%–NaCl 6.0% NaCl 6.0%–NaCl 0.9%
Subjects 69 37 32
Sex Female 29 (42%) 16 (43%) 13 (41%)
Age Mean age (years) 22.8 ± 12 22.5 ± 13.5 23.1 ± 10.3
Allergy Yes 25 (37%) 12 (33%) 13 (42%)
Allergic rhinitis Yes 14 (20%) 7 (19%) 7 (23%)
ABPA Yes 3 (4%) 2 (5%) 1 (3%)
















Genotype Homozygous for F508del 26 (38%)
Heterozygous for F508del 31 (45%)
Other 7 (10%)
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on the (1) reduction of viscosity and elasticity by a breakdown
of ionic bonds of mucus, (2) rehydrating of secretions due to an
increased osmotic flow of water into the mucus layer and
(3) enhanced mucus clearance by building more compact mucin
macromolecules [19]. As a principal result of the study, both
concentrations of saline improved symptoms assessed with the
well-established Sino-Nasal Outcome Test-20 (SNOT-20).
These effects were more obvious after 28 days of sinonasal
inhalation with NaCl 0.9%. Isotonic saline improved SNOT
total score by −5.1 points while hypertonic saline only led to −
3.1 points of improvement. Thereby, changes in SNOT total
scores ≥5 points are considered as clinically relevant. This
study shows that NaCl 6.0% is not superior to NaCl 0.9%
regarding the treatment of sinonasal symptoms.
In our preceding trial, dornase alfa caused statistically
and clinically benefits in CF patients with CRS: it improved
total SNOT score by −7.1 points whereas isotonic saline im-
proved symptoms by −1.3 points (difference: 5.9 points) [15].
Compared to the present study, the effects of hypertonic saline
on sinonasal symptoms are much weaker than those of dornase
alfa. We attribute this finding to the irritating properties of
hypertonic saline on airway mucosa, which are well described
Table 2
Summary of findings.
Hypertonic saline (NaCl 6.0%) compared to isotonic saline (NaCl 0.9%) with vibrating aerosol inhalation
Patients: CF patients with chronic rhinosinusitis
Settings: Multicenter, prospective, randomized, double-blind, controlled trial (12 German Cystic Fibrosis outpatient clinics)
Intervention: NaCl 6.0%
Comparison: NaCl 0.9%
Outcome NaCl 6.0% (CI 95%) Numbers analyzed NaCl 0.9% (CI 95%) Numbers analyzed
SNOT total score:
Day 1 (Pt) 23.0 ± 10.4 (20.3–25.7) 59 24.8 ± 11.0 (22.0–27.5) 65
Day 29 (Pt) 20.7 ± 10.1 (18.1–23.3) a 62 19.4 ± 9.6 (17.0–21.8) a 65
Change(Pt) −3.1 ± 6.5 −5.1 ± 8.3
PNS score:
Day 1 (Pt) 34.7 ± 14.1(31.0–38.4) 59 36.5 ± 15.0 (32.8–40.2) 65
Day 29 (Pt) 31.9 ± 15.8 (27.9–35.9) 62 29.4 ± 15.9 (25.4–33.3) a 65
Change (Pt) −4.2 ± 13.6 −7.0 ± 14.3
SRS score:
Day 1 (Pt) 22.8 ± 12.1 (19.6–25.9) 59 24.9 ± 13.8 (21.4–28.3) 65
Day 29 (Pt) 21.0 ± 13.6 (17.6–24.5) 62 21.2 ± 12.9 (18.0–24.4) 65
Change (Pt) −2.7 ± 9.8 −3.4 ± 10.4
GQL score:
Day 1 (Pt) 16.7 ± 13.4 (13.2–20.2) 59 18.2 ± 13.8 (14.8–21.6) 65
Day 29 (Pt) 14.3 ± 11.8 (11.3–17.3) 62 12.7 ± 11.1 (10.0–15.5) a 65
Change (Pt) −2.8 ± 8.8 −5.1 ± 9.9
FEV 1:
Day 1 (%) 84.4 ± 22.7 (78.6–90.1) 62 82.0 ± 23.1 (76.1–87.8) 63
Day 29 (%) 84.4 ± 22.5 (78.6–90.2) 60 82.7 ± 23.2 (76.9–88.6) 63
Change (%) 0.04 ± 6.73 −0.3 ± 6.9
Rhinomanometry:
∑ Insp. flow before decongestion
Day 1 (mL/s) 706.7 ± 349.1 (590.3–823.1) 37 694.8 ± 362.9 (568.2–821.4) 34
Day 29 (mL/s) 788.5 ± 334.5 (665.8–911.2) 31 812.1 ± 355.0 (686.2–938.0) 33
Change (%) 11.6 16.9
∑ Insp. flow after decongestion
Day 1 (mL/s) 1563.4 ± 988.1 (1207.2–1919.7) 32 1404.1 ± 890.5 (1058.8–1749.4) 28
Day 29 (mL/s) 1665.3 ± 1122.4 (1230.1–2100.6) 28 1763.8 ± 1116.0 (1354.4–2173.1) 31
Change (%) 6.5 25.6
Values are given as mean ± standard deviation.
CF: Cystic Fibrosis.
CI: confidence interval.
SNOT: Sino-Nasal Outcome Test.
PNS: primary nasal symptoms.
SRS: secondary rhinogenous symptoms.
GQL: general quality of life.
∑ Insp. flow: sum of inspiratory flow of both nostrils.
Pt: POINTS.
NL: nasal lavage.
a Significantly different in comparison to day 1 (post-hoc analysis, α b 0.01).
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in trials assessing bronchial inhalation with hypertonic saline
[20,21] where saline in concentrations from 6 to 7% provoked
cough and airway obstructions. Elkins et al. showed by the
means of a double-blind, parallel trial including 164 CF patients
that adverse drug reactions were significantly more common

































































(change total score:   3.1 points)
(change total score:  5.1 points)
Fig. 3. Changes to SNOT-20 items after 28 days of sinonasal inhalation with either isotonic (NaCl 0.9%) or hypertonic (NaCl 6.0%) saline.
Fig. 4. Effects of sinonasal inhalation of hypertonic saline (NaCl 6.0%) and isotonic saline (NaCl 0.9%) on SNOT-20 subscores. (Sino-Nasal Outcome Test
(SNOT-20): total score represents the sum of all 20 items. PNS (primary nasal symptoms) subscore includes nasal obstruction, sneezing, running nose, thick nasal
discharge, reduced smelling. (SNS (secondary nasal symptoms) subscore includes postnasal discharge, need to clear one's throat, cough, ear pressure, ear pain and
facial pain/pressure. GQL (general quality of life) subscore includes dizziness, difficulty falling asleep, waking up at night, fatigue during daytime, reduced
productivity, reduced concentration, frustrated/restless/irritable, a feeling of sadness and embarrassment). The boxes extend from the 25th to 75th percentiles, the line
in the middle of the box is the median, the whiskers go down to the 10th percentile/up to the 90th and points above the whiskers are outliers (alpha = 0.05).
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group (NaCl 0.9%) [21]. Nevertheless, due to improved lung
function and reduced exacerbation rates, the authors concluded
that ‘hypertonic saline, preceded by a bronchodilator, is an
inexpensive, safe, and effective additional therapy for patients
with cystic fibrosis’. In the present study, adverse events clas-
sified as probable (NaCl 0.9%: N = 4, NaCl 6.0%: N = 3,
washout: N = 1) or very likely (NaCl 0.9%: N = 5, NaCl 6.0%:
N = 0, washout: N = 0) related to study medication were
epistaxis, otalgia, pain during inhalation and pressure in
sinonasal segment. Hence, one can derive from the adverse
events that isotonic saline also exhibits irritant and pro-algesic
properties in the UAW. Therefore, we must assume that
SNOT-20 may have limitations to assess sinonasal symptoms
on the basis of our study design [22,23]. To some extent
the result of the primary outcome parameter was surprising:
After the close-out of the study, many patients reported a very
effective mobilization of mucus and crusts from the UAW
segment for the study period in which they received hypertonic
saline. Thereby, therapeutic effect of mucolytic might not be
adequately reflected in the subjective perception of SNOT-20
scores. Objective measures like `quantification of mobilized
amounts of mucus´ would have been a particularly interesting
outcome parameter. However, most of the secretions mobilized
from the nose and paranasal sinuses drain physiologically
as postnasal drip [24] and are swallowed, or to a much lower
proportion expectorated, after reaching the pharynx. Therefore,
quantification and comparison of secretions drained from
the UAW appears to be almost impossible in a clinical trial
involving CF patients. Two reasons prompted us to choose the
SNOT-20 as the primary outcome parameter: first, the score –
which is widely used for evaluation of conservative and surgical
interventions in patients with rhinosinusitis – was successfully
applied in our preceding trials applying dornase alfa and
tobramycin to paranasal sinuses with the same vibrating
nebulizer [15,25]. Secondly, serial MR-Imaging of sinonasal
ventilated spaces as an alternative would have been interesting
but costs to perform four sinonasal MRI in each of the 69
patients (276 MRI scans) by far exceeded our financial means.
As a second outcome parameter nasal patency was examined
via active anterior rhinomanometry in a subgroup of patients.
This technique allows the measurement of the inspiratory and
expiratory flow and resistance of the nose. Sinonasal therapy
might increase nasal patency by reducing mucosal swelling
and by a higher fluidity of nasal secretions and mobilization
of crusts. Patients treated with either NaCl 6.0% or NaCl 0.9%
showed small improvements of nasal airflow, whereas NaCl
0.9% seemed to be slightly more effective without reaching
statistical significance in comparison to hypertonic saline.
Indeed, there was no need and no potential for improving nasal
patency since mean total nasal inspiratory flow was within the
normal range. To acquire data on mucosal swelling, polyps, and
secretions, imaging techniques such as computed tomography
or the more expensive but radiation free magnetic resonance
tomography would be required. The latter radiation-free method
is quite interesting for longitudinal studies on ventilation of
UAW.
Furthermore, no alterations of inflammatory parameters
(NE, IL1β, IL6, and IL8) in NL were observed. Previously
it had been shown that hyperosmolar environments induce
a histamine release from mast cells and basophils in vitro
Fig. 5. Changes in cytokines in nasal lavage after 28 days of sinonasal inhalation with either isotonic (NaCl 0.9%) or hypertonic (NaCl 6.0%) saline (given as
interquartile range with median, n = 27–30, NE: neutrophil elastase, IL: interleukin).
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and inflammatory mediators (histamine, TAME esterase, im-
munoreactive leukotriene) in vivo [26]. Additionally, van der
Vaart et al. demonstrated in a study including 16 healthy
intermittent smokers that repeated sputum inductions with
hypertonic saline (NaCl 4.5%) induced/provoked a neutrophilic
and a prolonged eosinophilic inflammatory response – IL8
increased significantly as well [27]. Gräber et al. investigated
the effects of hypertonic saline on airway inflammation in a
betaENaC-overexpressing mouse model for chronic obstructive
lung disease and found that inhalation of hypertonic saline
triggers proinflammatory stress (osmotic stress response) which
may limit the therapeutic benefits of the treatment and require
an adjunct anti-inflammatory strategy. For sinonasal inhalation,
the results of cytokine analysis did not indicate proinflammtory
effects of hypertonic saline [28]. In conclusion, a study on CRS
in CF comparing dornase alfa, isotonic and hypertonic saline
at concentration 3 and 6% with an imagine technique as main
outcome parameter would be very interesting. For clinical
practice we can conclude, that sinonasal inhalation of both iso-
and hypertonic saline is a safe adjunct therapy for CF patients
with CRS.
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P U B L I K A T I O N E N  
2.5 Mutationsspezifische Therapie bei CF 
2.5.1 Effects of Ivacaftor in Three Pediatric Siblings With Cystic Fibrosis 
Carrying the Mutations G551D And F508del. 




CFTR-Modulatoren wie Ivacaftor setzen erstmals in der CF-Therapie direkt an dem 
genetischen Basisdefekt an, mit dem Ziel, die gestörte oder fehlende Ionenkanalfunktion 
wiederherzustellen. Seit 2012 ist in Deutschland für CF-Patienten ab 6 J. mit mindestens 
einer G551D-Mutation der CFTR-Modulator Ivacaftor (Kalydeco®) zugelassen, seit 2015 für 
Kinder <2 J. Diese gating-Mutation findet sich in der Allgemeinbevölkerung ausschließlich bei 
europäisch-stämmigen Menschen mit einer Allelfrequenz von 0,04% (gnomAD) und dort 
besonders bei Nord-West-Europäern (0,07%). Zum Vergleich: die häufigste pathogene CFTR-
Variante F508del hat in Europa eine Allelfrequenz von 1,3%. Bei deutschen CF-Patienten 
kommt sie bei ca.2% vor. Interessanterweise beobachteten wir am Universitätsklinikum Jena 
ein überdurchschnittlich häufiges Vorliegen der G551D bei unseren CF-Patienten von >10%. 
Dadurch waren wir in der Lage, viele Patienten in Studien einzuschließen, so auch die hier 
berichtete Familie mit drei betroffenen Kindern (F508del/G551D). Die zweitgeborene 
Tochter der Familie, welche mit 5 Jahren durch starke Gedeihstörung, rezidivierende Infekte 
und einen Chloridgehalt von 121 mmol/l im Schweißtest auffiel, konnte unter Ivacaftor einen 
normalen Wert im Schweißtest erreichen und auch die Pankreaselastase (PE) erholte sich 
von ca. 50 auf knapp 200 µg/g Stuhl. Gewicht und Lungenfunktion blieben stabil. Auch beim 
ältesten Sohn, damals 7 Jahre alt, bei welchem lediglich eine CRS bestand und anamnestisch 
eine Konstipation aufgefallen war, wurde per Schweißtest und Genetik die Diagnose CF 
gestellt. Die PE erholte sich unter Therapie in den Normalbereich, Lungenfunktion und BMI 
blieben stabil gut. Beim jüngsten Sohn bestand bereits pränatal aufgrund eines 
hyperechogenen Darms der Verdacht auf CF, welche postnatal genetisch bestätigt wurde. 
Direkt nach Geburt bestand eine Pankreassuffizienz, die Werte für die PE sanken jedoch 
rasch in den Bereich, welcher Enzymgabe erforderlich macht. Unter Ivacaftortherapie konnte 
eine Erholung erreicht werden. Fazit: Alle drei Patienten konnten von der Modulatortherapie 
profitieren, trotz identischem CFTR-Genotyp in unterschiedlichem Ausmaß. Eine Erholung 
der Pankreaselastase zeigt, dass es wichtig ist, Patienten frühzeitig zu behandeln, bevor 
Tissue Remodeling einsetzt. 
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Effects of Ivacaftor in Three Pediatric Siblings
With Cystic Fibrosis Carrying the Mutations
G551D And  F508del
Efectos del ivacaftor en tres hermanos con fibrosis quística
portadores de las  mutaciones G551D y F508del
Dear  Director:
Cystic fibrosis (CF) is the  most frequent life-shortening inherited
disease in Caucasians, caused by mutations in the  cystic fibro-
sis transmembrane conductance regulator (CFTR)  gene.1 Loss or
altered CFTR-function results in impaired transport of  chloride and
sodium, bicarbonate and  water to the lumen of exocrine glands in
different organ systems. Consequently, viscous secretions impair
mucociliary clearance, and facilitate pathogen colonization, lead-
ing  to  pulmonary destruction and premature death in almost 90%
of CF-patients. Furthermore, the majority of CF-patients reveal
abdominal involvement with pancreatic insufficiency (PI), intesti-
nal  and hepatic manifestations. The  recent discovery of small
molecules modulating CFTR-dysfunction brought a major break-
through  in therapy of CF in the  CFTR-gating mutation G551D,
which worldwide concerns only 2%–4% of patients.2–4 The small
molecule VX-770 (ivacaftor/IVA) increases Cl−-secretion in  human
CF bronchial epithelia carrying  G551D to  almost 50% of the potential
without CF.5 Consequently, VX-770 prompted the highest clini-
cal  effects hitherto achieved with a  CF-drug, improving pulmonary
function (FEV1) for 10%–12%, stabilizing weight and reducing sweat
chloride from about 100 mmol/l to about 50 mmol/l.6–8 The  drug
was  approved for  adult  and  pediatric CF patients carrying a G551D
mutation, and only recently down to  the age of 2 years.2,3,9
To the best of our knowledge, this is the first report on three
siblings  with CF carrying the  rare G551D-mutation and receiv-
ing the novel drug. The siblings reveal different symptoms and
severity of disease manifestation, with intermittent Pseudomonas
aeruginosa  (PSA) colonization of the  second child’s airways and
diverging grades of pancreatic insufficiency (PI). However, until
now they all present normal pulmonary function before and dur-




























































Sibling 1  (∗09.03)
Sibling 2  (∗03.05)
Sibling 3 (∗11.13)
µg/g
Fig. 1.  Courses of fecal  elastase in  stool before and since introduction of CFTR modulator therapy (arrows) with  ivacaftor (IVA) (<200 g/g of stool: reduced elastase; 200 to
<500  g/g: borderline values; ≥500 g/g: normal).
we show how the potent  CFTR-modulator for gating mutations
effectively improves involvement of the  different organ systems.
Case A (female, *03.2005). The  families’ second child (Sib.2),  was
first diagnosed  with CF. At the age of 5  years recurrent pneumonia,
voluminous foul-smelling stools  and  weight below the 3rd  per-
centile prompted a sweat test, which resulted  in  chloride values
of  121  mmol/l. One week later CF  diagnosis was  confirmed with
detection of the CFTR-mutations G551D and F508del. The  patient
was intermittently colonized with  PSA before initiation of IVA, and
luckily the critical pathogen could  be  eradicated. Already  at diag-
nosis  she apparently resulted to be  PI revealing pancreas elastase in
stool of 54  g/g  (borderline ≥200/normal ≥500) (see Fig.  1). Despite
supplementation of pancreatic enzymes since the days  of  diagnosis,
her weight remained about the  10th  percentile. Together with her
elder  brother  she receives ivacaftor since 01.2013, which  impres-
sively reduced sweat chloride down to  normal (26.4 mmol/l) and
pancreatic elastase increased to  189 g/g of  stool. However, she
did not reveal  a  significant  increase of pulmonary function, which
before and  after initiation  of the  CFTR-modulator varies  between
89  and 118  percent predicted (FEV1),  and her  BMI-percentiles,
which initially increased from the 27th to the 36th percentile now
declined to the 14th percentile, which we attribute to  low caloric
and enzyme intake despite pancreatic  insufficiency.
Case B  (male, *09.2003). At the day of the younger sisters’ CF-
diagnosis her parents were  questioned for ‘salty taste when  kissing
her’. They  confirmed but stated, that also the older brother (Sib.1)
revealed this symptom. Thus, the 7-year old boy  with a  normal
growth  pattern was confirmed to  carry the  same CFTR-mutations
G551D  and F508del. Retrospectively, the  parents reported recur-
rent constipation and chronic rhinosinusitis which had required
adenoidectomy.  For allergic  sensitization to pollen  and atopic
dermatitis these had been  classified as atopic symptoms. At presen-
tation,  his sweat test resulted  highly positive  with 121  mmol/l  and
Haemophilus parainfluenza and  Staphylococcus aureus were isolated
from  his oropharyngeal swabs  (see Table 1). Abdominal ultrasound
(US) showed increased echogenicity of  the  pancreas and liver  as
well as a single  large gallstone. Interestingly, the  patient never-
theless  was  pancreatic sufficient (PS) with pancreas  elastase of
343 g/g, which six months later  declined to  278  g/g (see Fig.  1)
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Table 1
Lower airway Pathogen Colonization in the Three Siblings  Before And During Therapy With Ivacaftor.
*  Start ivacaftor 01.01.2013.
**  Start ivacaftor 20.04.2016;  blue arrow: during treatment with  ivacaftor.
Abbreviations – P. aeruginosa:  Pseudomonas aeruginosa; S.a.: Staphylococcus aureus; H.i.: Haemophilus influen-
zae;  H. parainfluenzae: Haemophilus parainfluenzae; S.  pneumoniae: Streptococcus pneumoniae;  S.  maltophilia:
Stenotrophomonas maltophiliae; A. fumigatus:  Aspergillus fumigatus;  M.  morganii:  Morganella  morganii;  M.
nonliquefaciens:  Moraxella  nonliquefaciens; E. faecalis: Enterococcus faecalis; A.  fumigatus: Aspergillus fumigatus;
–:  no  pathogens detected.
despite normal serum amylase and lipase levels during  the follow-
ups.  Initiation of ivacaftor in January 2013 led to  normalization of
pancreatic elastase (>500 m/g)  and pulmonary function always
resulted  to be normal without a  further significant improvement
during  treatment with the  CFTR modulator.
Case C  (male, *11.2013). The third  sibling (Sib.3) was born  after
an  uncomplicated gestation. For the  elder siblings’ good course
despite suffering from  CF  the parents had decided against  prenatal
genetic diagnostics. However, abdominal sonography during  the
third-trimester showed elevated echogenicity of the  fetus’ small
bowel.  Still, he passed  a  normal meconium within 24 hours after
birth.  Although the child initially thrived normally without pan-
creatic  enzyme substitution, genetic analysis revealed  CF with
compound heterozygoty for G551D and F508del. Interestingly,
pancreas elastase as  a  newborn resulted normal at  470 g/g but  it
gradually declined to levels of  pancreatic insufficiency (see  Fig. 1),
while lipase in serum increased to 3.3 mol/l s  (normal<1.33),
revealing acute pancreatic damage. Nevertheless the  childs’ weight
remained  about the  50th percentile but he  required substitution
of  pancreatic enzymes before the  age of 2  years, when  ivacaftor
was introduced. Interestingly, pancreatic elastase in stool then
increased almost to  borderline values (181 g/g) (see  Fig. 1).
This  is  the first report on three siblings suffering from CF,
carrying the  rare  G551D-mutation together with F508del, the
most common mutation in Europe and receiving therapy with the
new CFTR-modulator ivacaftor. Altogether, heterogeneity of the
siblings’ pancreatic phenotype is noticeable, revealing a certain
degree  of PI in siblings 2 and 3 whereas sibling 1  still remains PS.
Remarkably,  all siblings showed a tendency to recover some pan-
creatic function  during treatment with ivacaftor. This accords well
to the recent report  from Davies et  al.  on CF-patients aged  2–5 years
carrying a G551D mutation: some of  them also  recovered  pancre-
atic function during a newly introduced ivacaftor-treatment.9
However, we suggest that at  least sibling 2  would require a
more  intensive nutritional support  and enzyme substitution, more
accordingly to classical CF, in order to stabilize weight and thriving.
Concluding, our report on three  siblings with the rare
CFTR-mutation G551D reveals a  different severity  of disease man-
ifestation but altogether  a normal  pulmonary function. In  the
siblings introduction of the  CFTR-modulator ivacaftor did not
relevantly improve FEV1 or the BMI-percentiles. However, we
demonstrate with sweat  tests  and  pancreatic elastase that the mod-
ulator effectively improves  the multi-organ disease. Therefore we
suppose that on the long run the CFTR-modulator should reduce
disease progression with gastrointestinal involvement and pul-
monary destruction as major reason for  premature death with the
inherited disease.
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2.5.2 Intestinal Current Measurements Detect Activation of Mutant CFTR in 
Patients with Cystic Fibrosis with the G551D Mutation Treated with 
Ivacaftor. 
Graeber SY, Hug MJ, Sommerburg O, Hirtz S, Hentschel J, Heinzmann A, Dopfer C, 
Schulz A, Mainz JG, Tümmler B, Mall MA. Am J Respir Crit Care Med. 2015
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Nicht alle Patienten profitieren im gleichen Maße vom Einsatz der CFTR-Modulatoren. Auch 
haben diese nicht auf alle Zielparameter von klinischen Studien den gleichen Effekt. Am 
unmittelbarsten lässt sich der Korrektureffekt am CFTR-Kanal selbst messen. Dazu benötigt 
man eine Biopsie der Rektumschleimhaut und ein recht aufwendiges experimentelles 
Design. Wir führten die intestinale Kurzschlussstrommessung (intestinal current 
measurement, ICM) an Biopsien von 12 Patienten, welche mindestens eine G551D-Mutation 
trugen, vor und unter Ivacaftortherapie (4-14 Wochen) durch. Die Ergebnisse wurden mit 
denen von 37 Nicht-CF-Kontrollpersonen verglichen. Für die CF-Patienten wurden außerdem 
Daten zum Schweißchloridgehalt, FEV1 % und BMI erhoben. Die meisten CF-Patienten 
zeigten ohne Ivacaftor nur eine minimale CFTR-Restaktivität. Unter Ivacaftor-Therapie zeigte 
sich eine signifikante Erhöhung von Lungenfunktion und BMI, während der Chloridgehalt im 
Schweiß um > 40 mmol/L in den Normalbereich sank. Diese Ergebnisse decken sich gut mit 
den klinischen Studien zu Ivacaftor
105
. In den Biopsien zeigte sich ein deutlicher Anstieg der 
cAMP-vermittelten Aktivität und die Chloridsekretion erhöhte sich auf 62 % des Wertes, der 
für die Kontrollkohorte gemessen wurde. Damit konnte erstmalig in vivo der direkte Effekt 
auf den Chloridkanal gemessen werden. Es wurde weiterhin deutlich, dass trotz identischem 
CFTR-Genotyp ein unterschiedliches Ansprechen auf die Therapie erfolgt. Zu den Ursachen 
muss weiter geforscht werden. Außerdem werden weniger invasive Methoden benötigt, um 
Therapieverläufe zu beobachten. Beispielsweise können bereits vor einer möglichen 
Modulatortherapie aus der Nasenschleimhaut Zellen gewonnen werden, welche zu 
Organoiden differenziert werden können
106
. An diesen ließen sich dann in vitro Experimente 
zum Effekt von Modulatoren durchführen. 
Fazit: ICM ist eine zuverlässige, aber invasive und aufwendige Methode, um die CFTR-
Aktivität und die Wirkung von CFTR-Modulatoren zu analysieren. Weiterentwicklungen sind 
hier notwendig, um im Rahmen von größeren Studien Zielparameter zur Verfügung zu 
haben, die sicher die Effekte neuer Modulatoren anzeigen. 
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Intestinal Current Measurements Detect Activation of
Mutant CFTR in Patients with Cystic Fibrosis with the
G551D Mutation Treated with Ivacaftor
To the Editor:
The approval of the cystic fibrosis transmembrane conductance
regulator (CFTR) potentiator ivacaftor as the first drug rescuing
CFTR function in patients with cystic fibrosis (CF) carrying the
G551D-CFTR mutation was a major breakthrough raising hope
that causal drug therapy may become possible on a larger
scale, potentially for all patients with CF (1, 2). Despite this
breakthrough, little is known about the relationship between the
degree of functional rescue of mutant CFTR and the clinical benefit
of emerging CFTR modulators. Further, improvements in sweat
Cl2 or nasal potential difference did not correlate with FEV1 (3, 4).
Therefore, alternative biomarkers of CFTR function may facilitate
the development of precision medicine for a wider spectrum of
CFTR mutations. Intestinal current measurements (ICM) were
used to assess Cl2 channel function and pharmacological
activation of mutant CFTR in rectal tissues from individual
patients with CF with a range of CF genotypes ex vivo (5–9).
However, whether ICM is sensitive to detect in vivo activation
of CFTR in patients with CF remains unknown.
We therefore performed ICM in rectal biopsies from 12
patients with CF with the G551D mutation before and after
initiation of ivacaftor therapy (within 4–14 weeks) after its approval
in Germany. Some of the results of these studies have been
previously reported in the form of an abstract (10). Rectal tissues
from 37 age-matched non-CF controls (mean age, 15.46 8.4 yr;
range, 5.1–42.2 yr) were included as reference of normal CFTR-
mediated Cl2 transport in rectal tissues. Clinical characteristics of
patients with CF, CFTR genotypes, and effects of ivacaftor therapy
on sweat Cl2, lung function parameters, and body mass index
are summarized in Tables 1 and 2. ICM was performed in two to
four rectal biopsy specimens per individual, as previously described
(5, 7, 9, 11). In brief, rectal tissues were obtained 3–4 hours after
the last dose of ivacaftor, immediately stored in tissue medium,
mounted in micro-Ussing chambers, and equilibrated in the
presence of amiloride (10 mmol/L, luminal) and indomethacin
(10 mmol/L, basolateral) to inhibit electrogenic Na1 absorption
and endogenous cAMP formation. CFTR Cl2 channel function
was determined from positive (Cl2 secretory) short circuit current
(Isc) responses induced by sequential cAMP-dependent stimulation
with 3-isobutyl-1-methylxanthine (100 mmol/L, basolateral) and
forskolin (1 mmol/L, basolateral), as well as coactivation with
carbachol (CCH; 100 mmol/L, basolateral) to increase the driving
force for apical Cl2 secretion by raising intracellular Ca21 (5, 11).
In non-CF tissues, cAMP-dependent activation induced a
sustained positive Cl2 secretory Isc response (∆Isc = 82.5;
interquartile range [IQR], 51.4–133.9 mA/cm2; P, 0.001) that was
further augmented by coactivation with CCH (∆Isc = 158.0; IQR,
86.5–251.5 mA/cm2; P, 0.001), as expected from previous studies
(Figure 1) (5, 11). In rectal epithelia from G551D patients with CF
Table 1. Clinical Characteristics of G551D Patients with Cystic
Fibrosis
Total number 12
Age, yr 14.86 11.9 (5.3–47.2)
Male 6 (50)
Genotype
G551D / F508del 10 (83)
G551D / 38491 10-kb C.T 2 (17)
Pancreatic sufficiency 2 (17)
Data are presented as n (%) or mean6 SD (range).
This study was supported in part by grants from the German Cystic Fibrosis
Association Mukoviszidose e.V. (SIP CFTR-2-2009 to M.A.M. and SIP
CFTR-3-2010 to B.T.).
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M.J.H., O.S., S.H., J.H., A.H., C.D., A.S., J.G.M., B.T., and M.A.M.; and
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studied at baseline before starting ivacaftor therapy, cAMP-
dependent activation induced residual Cl2 secretory responses in
most cases (10 of 12), with a median increase in Isc of 8.8 (IQR,
4.8–72.4 mA/cm2; P, 0.001) corresponding to 10.7% of the
cAMP-induced Isc in non-CF controls (Figure 1). The majority of
patients included in our study were pancreatic insufficient and
carried F508del (10 of 12) on the second CFTR allele (Table 1).
This subgroup exhibited a spectrum of low to moderate residual
Cl2 secretion, whereas the two pancreatic sufficient patients with
the 38491 10-kb C.T mutation on the second allele expressed
cAMP-induced Cl2 secretory responses in the range of non-CF
controls (Figure 1 and Table 1). Coactivation of tissues with CCH
produced an initial negative Isc peak (∆Isc =26.3; IQR, 210.2
to 23.5 mA/cm2; P, 0.001) (Figures 1B and 1E), reflecting K1
secretion that is typically unmasked in CF rectal mucosa as a result
of impaired CFTR-mediated Cl2 secretion (5, 7). This negative Isc
peak response was followed by positive Isc (∆Isc = 12.8; IQR,
9.1–35.5 mA/cm2), reflecting augmentation of CFTR-mediated Cl2
transport in the presence of cAMP-dependent stimulation (Figures
1B, 1F, and 1G). This biphasic response to cholinergic co-activation
corresponded to 8.1% of non-CF controls and is characteristic of












































































































































































































Figure 1. Intestinal current measurements detect activation of mutant cystic fibrosis transmembrane conductance regulator function in G551D patients with
cystic fibrosis (CF) after initiation of ivacaftor. (A–C) Original recordings of sequential effects of cAMP-induced (100 mmol/L 3-isobutyl-1-methylxanthine [IBMX]
and 1 mmol/L forskolin, basolateral) and carbachol (CCH)-induced (100 mmol/L, basolateral) activation on short circuit current (Isc) in rectal biopsy tissues from a
non-CF individual (A), a G551D patient with CF (G551D/F508del) at baseline (B) and the same patient with CF after starting ivacaftor therapy (C). (D–G)
Summary of cAMP-induced Isc (D), CCH-induced negative Isc (reflecting K
1 secretion) (E), CCH-induced positive Isc (reflecting Cl
2 secretion) (F), and total
Isc obtained by coactivation with cAMP agonists and CCH (G) in rectal biopsies from non-CF individuals (n = 37) and G551D patients with CF (n = 12) with
exocrine pancreatic insufficiency (black dots) or pancreatic sufficiency (red dots) at baseline and after initiation of ivacaftor therapy. Experiments were performed
in the presence of amiloride and indomethacin. Solid lines represent the group median; dashed lines represent 25th and 75th percentile. *P, 0.001 compared
with non-CF controls (Mann-Whitney rank sum test), and †P, 0.001 compared with G551D CF patients at baseline (Wilcoxon signed-rank test).
Table 2. Clinical Characteristics of G551D Patients with Cystic Fibrosis before and after Initiation of Ivacaftor
Characteristics At Baseline After Ivacaftor Initiation P Value
Sweat Cl2, mmol/L 88.96 20.3 (44.0–116.0) 41.56 15.1 (16.0–63.0) ,0.001
FEV1, % predicted 88.86 21.7 (61.0–119.0) 97.86 24.5 (49.0–128.0) 0.011
Body mass index, kg/m2 18.06 3.2 (14.2–23.3) 18.36 3.1 (14.6–23.5) 0.035





Initiation of ivacaftor therapy resulted in a significant reduction in
sweat Cl2 and improvements in FEV1 % predicted and body mass
index (Table 2). In rectal tissues, cAMP-mediated Isc was significantly
increased compared with baseline to 42.7 (IQR, 27.8–63.69 mA/cm2)
after ivacaftor initiation (P, 0.001), corresponding to 51.7% of the
cAMP-induced Isc in age-matched non-CF controls (Figure 1). On
coactivation with CCH, the initial negative Isc peak observed at
baseline was abrogated (∆Isc = 0.0; IQR, 0.0–0.0 mA/cm
2), and the
CCH-induced positive Isc reflecting augmentation of Cl
2 secretion
was significantly increased to 98.4 (IQR, 52.5–178.7 mA/cm2)
under ivacaftor therapy (P, 0.001), corresponding to 62.2%
of the cholinergic Cl- secretory response in non-CF controls
(Figure 1).
This observational study demonstrates for the first time that
ICM is sensitive to detect in vivo activation of CFTR in individual
patients with CF with the G551D mutation after initiation of
ivacaftor therapy. Consistent with previous functional studies in
Xenopus laevis oocytes (12), our baseline studies support that
cAMP-dependent stimulation may improve gating of G551D-
CFTR Cl2 channels in native intestinal tissues, even in the absence
of ivacaftor. Further, our data indicate that ICM may be able to
detect patient-to-patient variability in the CF basic defect even in
patients carrying the same CF genotypes. Interestingly, ICM
detected increased CFTR-mediated Cl2 secretion in the two
pancreatic-sufficient patients with CF compound heterozygous for
G551D and the splicing mutation 38491 10-kb C.T (13),
providing initial evidence that ivacaftor may also activate low levels
of normally spliced CFTR in these patients. However, this notion
needs to be tested in a larger number of patients with CF with splicing
mutations producing low levels of normal CFTR transcripts.
Collectively, our results support further development of ICM as a
novel bioassay for quantitative assessment of in vivo rescue of CFTR
activity that may both improve our understanding of the relationship
between the level of functional rescue and clinical benefit and
facilitate precision medicine with emerging CFTR modulators for
patients with CF with a larger spectrum of CFTR mutations,
including the common mutation F508del, as well as rare mutations
with unknown functional consequences. Ideally, these future studies
should include studies on the relationship between ICM response
and drug levels, and a comparison of ICM with nasal potential
difference measurements and sweat Cl2 that have been used
previously as outcome measures of CFTR function in CFTR
modulator trials. n
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Cure Not Possible, by Definition
To the Editor:
We read with interest the article by Griffith and colleagues on
semiquantitative sputum culture analysis during antibiotic therapy
for nodular-bronchiectatic Mycobacterium avium complex (MAC)
pulmonary disease to predict sputum culture conversion and
clinical improvement (1). One hundred patients with nodular-
bronchiectatic MAC pulmonary disease were prospectively
followed while receiving a macrolide-based combination
antimycobacterial therapy. Microbiological data were analyzed by
means of a semiquantitative sputum culture conversion score,
reflecting the quantity of bacterial colonies growing from sputum
culture over a period of time. Eighty-two percent of the
patients achieved sputum culture conversion during therapy.
Semiquantitative sputum culture scores were predictive of
sustained sputum conversion at 12 months of treatment and
correlated with clinical and radiological improvement.
One of the striking differences betweenmycobacterial and most
other bacterial diseases is the long duration of antimicrobial therapy
needed to achieve relapse-free cure. In the absence of better
evidence, current recommendations for combination antibiotic
treatment for most of the pulmonary nontuberculous mycobacterial
(NTM) diseases are standardized for a period of 12 months beyond
the time of culture conversion (2). These recommendations are
likely inadequate for the majority of affected patients. Although the
World Health Organization has defined treatment outcomes for
tuberculosis, there is currently no consensus on definitions for
treatment outcomes in NTM pulmonary disease.
The findings from Griffith and colleagues that the kinetic of
sputum bacterial load is predicting the time for culture conversion
are not unexpected. In pulmonary tuberculosis, which shares
clinical similarities to NTM pulmonary diseases, the kinetics of
sputum smear bacterial load and the time to culture negativity are
closely related (3). However, it is unclear whether the duration
of antibiotic therapy to achieve culture conversion can be applied
as a marker for treatment success in NTM pulmonary disease or
in tuberculosis to ultimately guide clinicians on decisions to
individualize the duration of therapy.
In contrast to the majority of patients with pulmonary
tuberculosis, treatment of NTM pulmonary disease may not lead to
sustained microbiological improvement. Patients may have persistent
or intermittently detectable acid-fast bacilli on sputum smears while
receiving therapy or may experience microbiological relapse without
clinical deterioration (4). Despite long-term negative sputum cultures
on antimycobacterial therapy, sustained mycobacterial eradication
may not be possible in a substantial number of patients (e.g., those
with nodular-bronchiectatic MAC pulmonary disease) once
treatment is discontinued. Previous studies report a relapse rate of
25–48% in patients with MAC pulmonary disease (4–6). These
occurred in a median time of 12 months after the completion of
therapy (interquartile range, 6–30 months) (4). Patients with the
nodular-bronchiectatic disease manifestation have a higher risk for
relapse than those with other disease manifestations.
It will be difficult to establish markers that predict the optimal
duration of antimycobacterial therapy in a disease in which relapse-
free cure may not be the best variable to define treatment success
and cure is not even defined. In many patients with NTM
pulmonary disease, classical outcome definition of relapse-free cure
is not achievable, either because eradication of mycobacteria is not
possible or because recolonization will occur.
An international expert consensus on clinical and
microbiological treatment outcome definitions in NTM pulmonary
disease is needed to guide physicians and patients for the duration of
antimycobacterial therapy and to standardize the evaluation of
antimycobacterial drugs, which will hopefully soon become available
for the treatment of patients with NTM pulmonary disease. n
















P U B L I K A T I O N E N  
2.6 Weitere Publikationen im Gebiet der Cystischen Fibrose 
2.6.1 Einführung des deutschlandweiten Neugeborenenscreenings für 
Mukoviszidose/ Nationwide newborn screening for cystic fibrosis in 
Germany 
Mitja L. Heinemann, Julia Hentschel, Susen Becker, Freerk Prenzel, Constance Henn, 
Wieland Kiess, Harold Tabori, Johannes Lemke, Uta Ceglarek und Joachim Thiery. J 
Lab Med 2016; 40(6): 373–3844 
 
Eine frühzeitige Erkennung und Therapie ist entscheidend für die Prognose der CF und hat 
nachweislich einen starken Einfluss auf die Lebenserwartung. Deutschland hat als eines der 
letzten Länder Europas 2016 ein deutschlandweites Screening via IRT-PAP-DNA eingeführt, 
an welches sich eine Konfirmationsdiagnostik mittels Schweißtest anschließt. Vormals gab es 
lediglich regionale Initiativen, von denen nur ein Teil der Neugeborenen in Deutschland 
profitieren konnte. Das Procedere in Deutschland ist, bedingt durch das Gendiagnostikgesetz 
etwas umständlich. Das Ergebnis darf ausschließlich an den anfordernden Arzt rückgemeldet 
werden, der in der Regel der geburtsleitende Arzt ist. Diesem obliegt die Mitteilung des 
abklärungsbedürftigen Befundes an die Eltern. Die Eltern müssen dann selbst Kontakt mit 
dem CF-Zentrum ihrer Wahl aufnehmen, um die Konfirmationsdiagnostik in die Wege zu 
leiten. Genetische Befunde dürfen nur nach Vorliegen eines auffälligen Schweißtests 
mitgeteilt werden.  
Fazit: Im Sinne einer schnellen und kompetenten Information der Eltern sowie der 
Koordinierung weiterer Schritte wäre eine Kontaktierung dieser über ein spezialisiertes CF-
Zentrum wünschenswert. Dies praktizieren auch andere Länder in Europa, z.B. die Schweiz 
mit großem Erfolg. Weiterhin ist zu überdenken, ob genetische Befunde mit zwei 
pathogenen Varianten nicht immer rückgemeldet werden sollten, da Fehler im Schweißtest 
nicht selten sind. Eine Evaluierung der Kinderrichtlinie soll 2020 erfolgen. 
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Zusammenfassung: Die Mukoviszidose oder Cystische 
Fibrose (CF) ist eine autosomal rezessiv vererbte Stoff-
wechselerkrankung und mit einer regional schwan-
kenden Inzidenz von ca. 1 : 3.300–1 : 5.800 eine der 
häufigsten angeborenen Stoffwechselerkrankungen in 
Deutschland. Durch eine mutationsbedingte verminderte 
oder fehlende Funktion von Chloridkanälen kommt es 
hier zu einer Veränderung der Sekretzusammensetzung 
aller exokrinen Drüsen. Die mittlere Lebenserwartung 
von Mukoviszidose-Patienten konnte durch verbesserte 
Behandlungsstrategien auf mittlerweile über 40 Jahre 
erheblich gesteigert werden. Es hat sich dabei gezeigt, 
dass eine frühzeitige Diagnosestellung einen positi-
ven Einfluss auf Krankheitsverlauf, Lebensqualität und 
Lebenserwartung der betroffenen Patienten hat. Diese 
Erkenntnis führte in den letzten 10 Jahren europaweit zur 
Aufnahme der Mukoviszidose in regionale und nationale 
Neugeborenenscreening-Programme. Mit dem Beschluss 
des Gemeinsamen Bundesausschusses zur Einführung 
des Mukoviszidosescreenings im August 2015 wurde 
Mukoviszidose nun auch in Deutschland als weitere Ziel-
krankheit in die Kinderrichtlinien aufgenommen und ist 
nach Veröffentlichung im Bundesanzeiger somit bun-
deseinheitlich als Bestandteil des deutschen Neugebore-
nenscreening-Programms vorgeschrieben. Das Procedere 
beinhaltet ein Stufenscreening mit der Kombination von 
Immunreaktivem Trypsin (IRT) und Pankreatitis-assozi-
iertem Protein (PAP) mit zusätzlicher Mutationsanalytik. 
Dank einer deutschlandweit früheren Diagnosestellung 
wird ein verbessertes Langzeitoutcome von Mukoviszi-
dose-Patienten erwartet.
Schlüsselwörter: Cystische Fibrose; Früherkennung; 
Mukoviszidose; Neugeborenenscreening; Prävention.
Abstract: Cystic fibrosis (CF) is among the most common 
inherited metabolic disorders in Germany with region-
ally differing incidences between 1 : 3.300 and 1 : 5.800. 
Mutations in the CFTR-gene cause impaired function of 
chloride channels, which leads to an altered secretion of 
exocrine glands. Median life expectancy of CF patients 
has increased to 40 years and more, due to new treatment 
options. Early detection in particular has proved to have a 
positive influence on the course of the disease and patient 
quality of life as well as life expectancy. Thus, regional 
and nationwide screening programs have been introduced 
throughout Europe. After years of regional screening pro-
grams in Germany, a nationwide screening for CF was 
decided upon in 2015. CF screening will be included in the 
pre-existing nationwide newborn screening program. The 
screening procedure is a dried blood spot analysis and 
consists of the quantification of immune reactive trypsin 
(IRT) and pancreatitis associated protein (PAP), and in 
rare cases additional DNA-analysis. By increasing the rate 
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of early detection, better long-term outcome of CF-patients 
in Germany is expected.
Keywords: cystic fibrosis; early detection; newborn 
screening; prevention.
Einleitung
Die Voraussetzungen für die Einführung von deutschland-
weiten Neugeborenenscreening-Untersuchungen sind 
klar durch die Screeningkriterien der WHO definiert und 
festgelegt [1]: Eine in das Neugeborenenscreening auf-
zunehmende Erkrankung muss einerseits ausreichende 
Häufigkeit und klinische Relevanz besitzen, anderseits 
müssen effiziente Screeningverfahren und wirksame 
Therapieoptionen verfügbar sein. Zudem werden ökono-
misch-finanzielle Faktoren mit betrachtet.
Während die Mukoviszidose oder Cystische 
Fibrose (CF) infolge der Häufigkeit und Schwere der 
Erkrankung bereits seit vielen Jahren in europäische 
Neugeborenenscreening-Programme integriert ist (Abbil-
dung 1), gab es in Deutschland Bedenken bezüglich des 
klinischen Nutzens der Früherkennung sowie der Test-
zuverlässigkeit der eingesetzten analytischen Verfahren. 
Inzwischen weisen die verfügbaren laborchemischen 
und molekulargenetischen Tests in Kombination eine für 
das Massenscreening ausreichend hohe diagnostische 
Sensitivität und Spezifität auf. Zudem gilt es als gesi-
chert, dass eine frühzeitige Diagnosestellung auch eine 
frühzeitige Behandlung nach sich zieht und diese den 
Verlauf der Erkrankung aufhalten und verbessern kann. 
Es konnte gezeigt werden, dass frühzeitige Behandlung 
die Mortalität der Erkrankung senkt. Die Lebensquali-
tät der Betroffenen und ihrer Familien kann nachhal-
tig gesteigert werden. Außerdem kommt es durch früh 
einsetzende Behandlungs- und Betreuungskonzepte zu 
einer Absenkung der Morbidität und Komorbidität der 
Mukoviszidose [3–5]. Diese Erkenntnisse führten dazu, 
dass der gemeinsame Bundesausschuss (G-BA) am 










Abbildung 1: Übersicht nationaler Mukoviszidose-Screeningprogramme in Europa (Elborn JS, 2016, Lancet) [2].
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Genetik der Mukoviszidose
Die Mukoviszidose ist mit einer Häufigkeit von ca. 
1 : 3.300–1 : 5.800 die häufigste angeborene Stoffwech-
selerkrankung in Deutschland [6–8]. Ursache für die 
Mukoviszidose ist ein Defekt des transmembranösen 
Chloridionentransports, der durch homozygote oder 
compound-heterozygote Veränderungen im CFTR-Gen 
(Cystic Fibrosis Transmembrane Conductance Regulator, 
OMIM *602421, Chromosom 7q31.2) [9] verursacht wird. In 
Deutschland ist ca. jeder 29. Mensch Anlageträger für eine 
pathogene Variante in diesem Gen. Das CFTR-Gen codiert 
für einen ATP-abhängigen Ionenkanal, der vor allem per-
meabel für Chlorid-, aber auch für Bicarbonationen ist 
und in der apikalen Membran vieler Zellen exprimiert 
wird, v.a. im respiratorischen Epithel, dem Gastrointes-
tinal- und Reproduktionstrakt [10]. Pathogene Varianten 
im CFTR-Gen beeinträchtigen die Funktionalität dieses 
Kanals in sehr verschiedener Weise, weshalb man die Ver-
änderungen je nach Pathomechanismus in bis zu 6 ver-
schiedene Klassen einteilt (Abbildung 2) [11, 12]: Varianten 
der Klasse 1 sind in der Regel nonsense-Mutationen oder 
splice-Mutationen, welche zu einem vorzeitigen Stopp der 
Translation oder zu einem Abbau der mRNA (nonsense 
mediated mRNA decay) und somit zu einem vollständigen 
Verlust der Funktionalität des CFTR-Proteins führen. Bei 
Varianten der Klasse 2, zu welcher auch die in Deutsch-
land häufigste Variante F508del (c.1521_1523delCTT, 
p.Phe508del) zählt, kommt es zu einer Störung der Pro-
zessierung des Proteins: Eine fehlerhafte Faltung führt 
hier zu einem vorzeitigen Abbau. Daher findet man bei 
diesen Varianten wenig bis gar kein funktionell aktives 
Protein an der Zelloberfläche. Bei Klasse-3-Mutationen, 
den sogenannten gating-Mutationen, ist die Bindung von 
ATP an die regulatorische Domäne und somit die Öffnung 
des Kanals gestört und Chloridionen können nicht in aus-
reichendem Maße aus der Zelle ausströmen bzw. nicht aus 
dem Primärschweiß rückresorbiert werden. Patienten mit 
Varianten der Klassen 1-3 sind in der Regel pankreasinsuf-
fizient und haben einen schwereren pulmonalen Verlauf 
[13]. Bei Varianten der Klasse 4 ist die Ionenleitfähigkeit 
reduziert und Varianten der Klasse 5/6 führen zwar nicht 
zu einem funktionell veränderten Protein, jedoch werden 
diese so veränderten Proteine in geringerem Umfang 
synthetisiert oder haben eine geringere Halbwertzeit 
als das Wildtyp-CFTR-Protein. Patienten mit Varianten 
der Klassen 4-5/6 sind zunächst pankreassuffizient und 
haben meist einen milderen Verlauf. Es können auch nur 
einzelne Organe betroffen sein, wie z.B. bei der kongeni-
talen bilateralen Aplasie des Vas deferens (CBAVD), die 















Abbildung 2: Schematische Darstellung der Mutationsklassen des 
CFTR-Gens in einer Lungenepithelzelle.
Je nach Art der CFTR-Mutation kommt es zu verschiedenen Beein-
trächtigungen der CFTR-Proteinfunktion. Adaptiert nach Rowe et al., 
NEJM, 2005 [11].
weitere Symptome einer Mukoviszidose zeigt. Patienten 
mit dieser Form haben eine sogenannte CFTR-related dis-
order (CFTR-RD), die von der klassischen Mukoviszidose 
abgegrenzt wird [14].
Im Einzelfall können Patienten mit dem gleichen 
CFTR-Genotyp jedoch eine sehr unterschiedliche CFTR-
Restfunktion besitzen und auch sehr unterschiedlich auf 
die neuen therapeutischen Ansätze [15] wie Korrektoren 
(Klasse 2) und Potentiatoren (Klasse 3) ansprechen [16] 
(siehe auch „Therapie der Mukoviszidose“). Die Ursachen 
dafür werden derzeit sehr intensiv erforscht. Es werden 
modifizierend wirkende Proteine, wie z.B. andere Ionen-
kanäle vermutet, die die Funktion des CFTR positiv oder 
negativ beeinflussen können [17, 18]. Es ist daher nicht 
nur unbedingt wichtig, den CFTR-Genotyp zu bestim-
men, es erscheint zunehmend notwendig, im Rahmen 
der personalisierten Medizin die individuelle residuelle 
Funktion des CFTR mit elektrophysiologischen Methoden 
zu bestimmen und die mutationsspezifische Therapie ent-
sprechend anzupassen [19].
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Klinik der Mukoviszidose
Durch das defekte CFTR-Protein kommt es neben einer 
verminderten Chloridleitfähigkeit zu einer überschießen-
den Aktivität von epithelialen Natriumkanälen (ENaC) 
mit erhöhter Natrium-Reabsorption und konsekutiver 
Volumenreduktion des intraluminalen periciliären Flüs-
sigkeitsfilms [20]. Hierdurch kommt es zur Bildung von 
zähflüssigen Sekreten, welche die klinische Symptomatik 
der Mukoviszidose in den verschiedenen Organsystemen 
bedingen (zur Übersicht siehe Abbildung 3) [21–27]. Da, 
wie beschrieben, Patienten in Abhängigkeit vom CFTR-
Genotyp eine gewisse Restfunktion des CFTR-Proteins 
aufweisen, variiert der Phänotyp stark. Allerdings besteht 
auch eine deutliche Variabilität zwischen Patienten mit 
identischem CFTR-Genotyp, dabei spielen weitere modi-
fizierende genetische aber auch externe Faktoren, wie 
Besiedlungsstatus und Therapieadhärenz eine wichtige 
Rolle.
Der Hauptfaktor für Morbidität und Mortalität von 
Mukoviszidose-Patienten ist die pulmonale Beteiligung. 
Durch die Ausbildung von zähem, dickflüssigem Sekret 
kommt es zu einer Störung der mukoziliären Clearance, 
welche bereits im Neugeborenenalter zu rezidivieren-
den oder chronischen Infektionen mit Problemkeimen 
wie Pseudomonas aeruginosa, Haemophilus influenzae 
oder Staphylococcus aureus führen kann [28]. Die Folge 
dieser chronisch-rezidivierenden Infektionen und der 
daraus resultierenden Inflammation ist häufig eine aus-
gedehnte Destruktion und Fibrosierung von Lungenge-
webe ( Abbildung 4) mit Ausprägung von Infiltrationen, 
Bronchiektasen und einer konsekutiv zunehmenden res-
piratorischen Insuffizienz, welche mitunter bereits im 
Kindesalter auftritt [29]. In der Bildgebung finden sich bei 
fast allen Mukoviszidose-Patienten Veränderungen, die 
mit einer chronischen Rhinosinusitis vereinbar sind [30]. 
Viele Patienten leiden unter nasaler Kongestion, Gesichts-
schmerz und verstärktem Sekretfluss [31]. Häufig finden 
sich in der mikrobiologischen Analyse pathogene Keime, 
oftmals korrelierend zur pulmonalen Besiedlung [32], 
weshalb obere und untere Atemwege als united airway 
system angesehen und therapiert werden sollten [3].
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Abbildung 3: Übersicht zur klinischen Manifestation der Mukoviszidose.
Abhängig vom CFTR-Genotyp ergibt sich eine graduelle Restfunktion des CFTR-Proteins, die zu einer unterschiedlich starken Beteiligung 
verschiedener Organsysteme führt. CFTR, cystic fibrosis transmembrane conductance regulator; ABPA, Allergische bronchopulmonale 
Aspergillose; DIOS, Distales intestinales Obstruktionssyndrom; CBAVD, Congenitale bilaterale Aplasie des Vas deferens.
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Gastrointestinale Komplikationen können sich 
bereits pränatal als hyperechogener Darm äußern. In 
einer großen französischen Studie wurde bei ca. 10% aller 
untersuchten Feten mit dieser Ultraschallauffälligkeit die 
Diagnose Mukoviszidose molekulargenetisch gesichert 
[33]. Perinatal liegt bei ca. 10%–20% ein Mekoniumileus 
(MI) vor, welcher ohne sofortige Therapie letale Folgen 
hat. Für das Auftreten eines MI scheint eine recht ausge-
prägte Genotyp-Phänotyp-Korrelation zu bestehen [34]. 
Die Hälfte der Mukoviszidose-Patienten mit einem MI in 
der Anamnese entwickeln im Verlauf einen Distales intes-
tinales Obstruktionssyndrom (DIOS) [23]. Weit häufiger ist 
mit über 70% betroffener Mukoviszidose-Patienten eine 
exokrine Pankreasinsuffizienz, welche durch eine Obst-
ruktion der pankreatischen Ausführungsgänge entsteht 
[23]. Hierbei kommt es zu Steatorrhö, Malabsorptionen 
und Unterernährung. Typische klinische Zeichen der exo-
krinen Pankreasinsuffizienz sind Fettstühle, Flatulenzen 
und ein unterdurchschnittlicher Gewichtsverlauf.
Ebenfalls durch eine Obstruktion von Ausführungs-
gängen kann es zu einem hepatischen Gallerückstau 
kommen, welcher über eine fokale biliäre Zirrhose schließ-
lich in eine generalisierte Leberzirrhose einmünden kann 
mit Entwicklung einer portalen Hypertension mit ösopha-
gealen und rektalen Varizen [23].
Die Obstruktion pankreatischer Ausführungsgänge 
führt im Krankheitsverlauf zu einem fibrotischen Umbau 
des Pankreas, welcher unter anderem mit einem Verlust 
der Langerhans-Inseln einhergeht. Die Folge ist ein pro-
gredienter absoluter Insulinmangel, welcher sich in 
einem Cystic Fibrosis-related Diabetes Mellitus (CFRD) 
äußert [35]. Die Symptomatik des CFRD potenziert sich 
durch den gesteigerten Energiebedarf von Mukoviszidose-
Patienten im Rahmen der Malabsorption sowie der rezidi-
vierenden Atemwegsinfektionen. Daher haben Patienten 
mit einem CFRD meist eine schlechtere Lungenfunktion, 
einen geringeren BMI und daher eine höhere Mortalität 
als Mukoviszidose-Patienten ohne CFRD.
Nahezu alle männlichen Mukoviszidose-Patienten 
leiden zudem unter einer eingeschränkten Reprodukti-
onsfähigkeit, welche durch eine congenitale bilaterale 
Aplasie des Vas deferens (CBAVD) bedingt ist [4, 11]. Auch 
bei Frauen mit Mukoviszidose ist die Fertilität im Vergleich 
zur Alterskontrollgruppe reduziert, genaue Zahlen liegen 
jedoch nicht vor. Die Sub-Fertilität wird u.a. der erhöhten 
Viskosität des zervikalen Schleims zugeschrieben [36, 37].
Abbildung 4: Ausgeprägte bronchiektatische und dystelektatische Veränderungen v.A. des gesamten rechten Oberlappens.
Bronchoskopisch massive chronisch-putride Bronchitis (MRT-Bild mit freundlicher Genehmigung von Prof. F.W. Hirsch, Universitätsklinikum 
Leipzig).
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Therapie der Mukoviszidose
Grundlegendes Ziel der Therapie ist der langfristige 
Erhalt eines guten Ernährungszustandes und der Lun-
genfunktion sowie die Prävention einer Besiedlung mit 
Problemkeimen. Zur Infektionsprävention dienen hygi-
enische Maßnahmen wie die Aufbereitung des Inhala-
tionszubehörs, Hände- und Flächendesinfektion, die 
Patientensegregation in klinischen Settings, sowie das 
Vorspülen oder die Filtration von Wasserhähnen und 
Toiletten. Ferner sollte der Wasserstrahl nicht direkt auf 
den Abfluss gerichtet sein, um Pseudomonas-haltige 
Aersosole zu vermeiden [38, 39]. Zur Hydratisierung 
der Atemwege werden osmotisch wirksame Inhalati-
onen mit hypertoner Saline oder Mannitol eingesetzt, 
die über eine Verbesserung der mukoziliären Clearance 
zu besserer Lungenfunktion und weniger Exazerbatio-
nen führen [21, 22]. Dornase alfa ist eine rekombinante 
DNAse, die inhaliert über einen mukolytischen Effekt 
die Viskoelastizität des Schleims reduziert. Effekte 
sind Lungenfunktionsverbesserung und Reduzierung 
von Exazerbationen [21, 40]. Pulmonale Exazerbatio-
nen werden in Anwesenheit von pathogenen Bakterien 
antibiotisch behandelt, um sowohl eine akute Verbes-
serung herbeizuführen als auch mittelfristig Lungen-
funktionsverlust und Bronchiektasen zu vermeiden [41, 
42]. Bei einer Pseudomonasinfektion wird umgehend 
eine antibiotische Eradikationstherapie eingeleitet, 
um die Chronifizierung und die Konversion des Keims 
zum mukoiden Phänotyp mit erheblichem negativen 
Einfluss auf Lungenfunktion und Ernährungsstatus zu 
verhindern [43, 44]. Bei einer chronischen Infektion mit 
P. aeruginosa kann eine aggressive inhalative und sys-
temische Antibiotikatherapie die Lungendestruktion 
erheblich mindern [21]. Physiotherapie und Sport sind 
weitere Säulen des Mukoviszidose-Managements und 
haben einen nachgewiesenen Nutzen [45]. Bronchodila-
tatoren und antiinflammatorische Substanzen wie Mak-
rolide sind weitere Optionen der pulmonalen Therapie.
Die konservative Therapie der chonischen Rhino-
sinusitis bei Mukoviszidose umfasst nasale Lavagen, 
Inhalationen mit vibrierenden Aerosolen und topische 
Glukokortikoide [46].
Die Pankreasinsuffizienz und die Malnutrition werden 
durch die Supplementation von Pankreasenzymen, eine 
hochkalorische Ernährung und die Substitution von fett-
löslichen Vitaminen, Mineralien und Spurenelementen 
behandelt [21, 47]. Ursodeoxycholsäure wird verabreicht, 
um den Progress einer Lebererkrankung zu reduzieren [48].
Seit 2012 ist in Deutschland mit Ivacaftor der erste 
Wirkstoff zur Korrektur des Basisdefekts zugelassen. Für 
gating-Mutationen (Klasse III, verminderte Kanalöffnung, 
siehe Abbildung 2) können sogenannte CFTR-Poten-
tiatoren eingesetzt werden, die die Funktionalität des 
CFTR-Kanals deutlich verbessern. Klinisch sind sowohl 
Verbesserungen der Schweißtestwerte als auch der Lun-
genfunktion und des Ernährungszustandes möglich [49]. 
Jedoch profitiert nur ein kleiner Teil der Mukoviszidose-
Patienten von diesem Wirkstoff, da gating-Mutationen nur 
bei < 5% der Mukoviszidose-Patienten vorliegen. Seit 2015 
steht Ivacaftor in Kombination mit dem Korrektor Luma-
caftor als Medikament zur Verfügung. Lumacaftor wirkt 
als Chaperon bei der Faltung und führt zu einem vermehr-
ten Einbau des Kanalproteins in die apikale Zellmembran. 
Es steht für Patienten mit einer homozygoten Mutation 
F508del zur Verfügung [50]. Derzeit wird intensiv an weite-
ren CFTR-Modulatoren geforscht. Auch Stoppcodon-über-
lesende Substanzen (engl. PTC suppressors) befinden sich 
schon in klinischen Studien, sie werden auch bei anderen 
durch nonsense-Mutationen verursachten Erkrankungen 
eingesetzt [51].
Soziale Aspekte in der Jugendzeit
Jugendliche mit Mukoviszidose erleben nicht selten eine 
Verschlechterung ihrer Erkrankung in einer Phase des 
Lebens, in der schulischer und beruflicher Erfolg zuneh-
mend erlebbar im Mittelpunkt stehen und neue Part-
nerschaften und Bezugspersonen gewonnen werden. 
Partnersuche und Berufsorientierung werden durch das 
Erleben von Einschränkungen im täglichen Leben durch 
die Erkrankung erschwert oder als erschwert erlebt. Die 
Transition und Erwachsenenbetreuung von PatientInnen 
mit angeborenen Erkrankungen wie der Mukoviszidose 
ist eine besondere Aufgabe. Häufig fehlt es in Deutsch-
land noch an geeigneten Konzepten der Transition und 
der Refinanzierung von Übergangssprechstunden. Ange-
sichts der verbesserten Prognose der Mukoviszidose und 
einem deutlich längeren Überleben der Patienten, wird 
die Betreuung von Jugendlichen mit Mukoviszidose nach 
der Einführung des Neugeborenenscreenings noch weiter 
an Bedeutung zunehmen.
Diagnostik der Mukoviszidose
Auch wenn die Mukoviszidose eine genetisch bedingte 
Erkrankung ist, erfolgte die Diagnosestellung bisher 
rein klinisch. Wegweisend ist hierbei ein erhöhter Chlo-
ridgehalt im Schweiß (s. auch Konfirmationsdiagnostik 
im Rahmen des Screenings). Konnte eine Mukoviszidose 
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durch mindestens zwei auffällige Schweißtestergebnisse 
und/oder den Nachweis von pathogenen Varianten im 
CFTR-Gen bestätigt werden, sollte der Patient in einem 




Bereits seit Ende der 1960er-Jahre werden in Deutsch-
land alle Neugeborenen auf angeborene Stoffwechsel-
defekte und Störungen im Hormonhaushalt im Rahmen 
des Neugeborenenscreenings untersucht. Das Spektrum 
der untersuchten Erkrankungen wurde für diese weltweit 
bedeutsamste Vorsorgeuntersuchung sukzessive erwei-
tert und fand 2005 seinen vorläufigen Höhepunkt mit 
der Aufnahme des sogenannten „erweiterten Neugebore-
nenscreenings mit Tandem-Massenspektrometrie“ in die 
Kinderrichtlinien des gemeinsamen Bundesausschusses 
(G-BA). Darin wird bundesweit einheitlich das Neugebo-
renenscreening-Programm auf derzeit 14 Zielerkrankun-
gen (Tabelle 1) [54] hinsichtlich Anforderungen an die 
Qualität der Laborleistung sowie der Vergütung geregelt. 
Das Neugeborenenscreening ist eine freiwillige Untersu-
chung, in die Eltern bzw. Erziehungsberechtigte einwilli-
gen müssen. Dies ist von besonderer Bedeutung, da seit 
2010 das Neugeborenenscreening-Programm unter das 
Gendiagnostikgesetz (GenDG) fällt.
Da sich bezüglich der Mukoviszidose in mehreren 
Studien zeigte, dass eine frühzeitige Diagnosestellung 
in den ersten Lebenstagen und sich somit ein früher 
Therapiebeginn deutlich auf die Lebensqualität und 
-erwartung des Patienten auswirkt, wird über die Auf-
nahme der Mukoviszidose als weitere Zielkrankheit in 
das Neugeborenenscreening im gemeinsamen Bundes-
ausschusses (G-BA) seit 2008 beraten. Die Gendiagnos-
tik-Kommission sowie der G-BA entschieden sich dann 
2015 endgültig für die Aufnahme in das Neugeborenen-
screening [55].
In mehr als 10 europäischen Ländern wird dieses 
Screening im Rahmen der Regelversorgung angeboten. 
In Deutschland wurden bisher durch regionale Projekte 
(Dresden, Heidelberg, Gießen, Greifswald) ca. 15% aller 
Neugeborenen auf Mukoviszidose untersucht.
Aufklärung
Da das Mukoviszidosescreening dem Gendiagnostikge-
setz unterliegt, ist eine ärztliche Aufklärung sowie eine 
schriftliche Einwilligung der Personensorgeberechtigten 
vor Durchführung des Mukoviszidosescreenings zwin-
gend erforderlich. Bei zeitgleich erfolgender Aufklärung 
über das reguläre Neugeborenenscreening muss explizit 
auf die Besonderheiten des Mukoviszidosescreenings ein-
gegangen werden.
Blutentnahme und Probenversand
Das Mukoviszidosescreening wird zusammen mit dem 
bisherigen Screening ab der 36. Lebensstunde aus der 
gleichen Trockenblutkarte durchgeführt. Eine zusätzliche 
Blutentnahme ist nicht erforderlich. Bei korrekt betropfter 
Tabelle 1: Bisherige Zielerkrankungen des Neugeborenenscreenings (Prävalenzen nach Nennstiel-Ratzel, 2015) [54].
Erkrankung   Prävalenz Deutschland (2004–2012)
Hypothyreose   1: 3.499
Adrenogenitales Syndrom (AGS)   1: 13.676
Biotinidasemangel   1: 22.895
Klassische Galaktosämie   1: 69.466
Phenylketonurie (PKU)/Hyperphenylalaninämie (HPA)   1: 5.316
Ahornsiruperkrankung (Maple Sirup Urinary Disease, MSUD)  1: 152.825
Medium-Chain-Acyl-CoA-Dehydrogenase-Mangel (MCAD)   1: 10.222
Long-Chain-3-OH-Acyl-CoA-Dehydrogenasemangel (LCHAD)   1: 169.805
Very-Long-Chain-Acyl-CiA-Dehydrogenasemangel (VLCAD)   1: 84.903
Carnitin-Palmitoyl-Transferase-I-Mangel (CPT I)   1: 873.284
Carnitin-Palmitoyl-Transferase-II-Mangel CPT II)   1: 1.528.247
Carnitin-Acylcarnitin-Translokase-Mangel (CAT)   –
Glutarazidurie Typ I (GA I)   1: 132.891
Isovalerianazidurie (IVA)   1: 97.032
Unangemeldet
Heruntergeladen am | 17.02.20 17:19
193Seite 193
380      Heinemann et al.: Einführung des deutschlandweiten Neugeborenenscreenings für Mukoviszidose
Trockenblutkarte mit vollständiger Durchtränkung sämt-
licher Filterpapierkreise reicht die Menge an Trockenblut 
in der Regel aus, um auch das Mukoviszidosescreening 
durchzuführen, somit ist kein höheres Blutvolumen not-
wendig. Die präanalytischen Anforderungen an die Trock-
nungs- und Lagerungsbedingungen des Filterpapiers 
unterscheiden sich für das Mukoviszidosescreening nicht 
vom bisherigen Screening. Nach dem Auftropfen des aus 
der Ferse abgenommenen Blutes auf das Filterpapier der 
Screeningkarte und nach anschließender Trocknung für 
mindestens 3 h bei Raumtemperatur erfolgt der zeitnahe 
Versand in ein qualifiziertes Screeninglabor, welches 
nach DIN-ISO 15189 akkreditiert sein muss.
Stufenbasierte biochemische Diagnostik des 
Mukoviszidosescreenings
Für das Mukoviszidosescreening wurden europaweit 
unterschiedliche Protokolle getestet. In Frankreich bei-
spielsweise wurde lange Zeit das IRT/DNA Protokoll 
angewendet, welches die Messung von IRT mit anschlie-
ßender Mutationsanalytik vorsieht [56]. Ein Problem 
dieses Vorgehens ist jedoch die relativ häufig durchge-
führte Mutationsanalytik, welche oft zur Identifizierung 
von Heterozygoten führt. Dies ist jedoch nicht Ziel des 
Neugeborenenscreenings. Weiterhin kann es zur Benach-
teiligung ethnischer Gruppen bei Vorliegen sehr diver-
ser Populationen kommen, da unter Umständen die für 
bestimmte Minderheiten typischen Mutationen nicht 
in der Mutationsanalytik berücksichtigt werden. Diese 
Gründe werden voraussichtlich bald zu einer Umstellung 
des französischen CF-Screenings führen [56].
Das Screening auf Mukoviszidose in Deutschland 
basiert auf der Analyse des immunreaktiven Trypsins (IRT) 
IRT 
< 99,0 P  99,0 P > IRT < 99,9 P  > 99,9 P 
Unauffälliger Screeningbefund
 PAP < 87,5 P  PAP > 87,5 P 
 Mutationsanalyse 
















Abbildung 5: Algorithmus für das Mukoviszidosescreening 
(P, Perzentile).
Im 1. Schritt Bestimmung der IRT-Konzentration, im 2. Schritt 
Bestimmung der PAP-Konzentration, im 3. Schritt Mutationsanalyse.
in Kombination mit dem Pankreatitis assoziierten Protein 
(PAP). Trypsin wird im Pankreas gebildet und spaltet als 
Endopeptidase Proteine nach den Aminosäuren Lysin 
und Arginin sowie modifiziertem Cystein. Bei der Muko-
viszidose kommt es durch Sekreteindickung zu einer Obs-
truktion pankreatischer Ausführungsgänge und zu einer 
anschließenden Destruktion von Pankreasgewebe. Dies 
führt zu einem Übertritt von IRT in die Blutlaufbahn. PAP 
wird durch die erkrankte  Bauchspeicheldrüse  gebildet. 
Da eine erhöhte Konzentration eines dieser Proteine 
allein nicht spezifisch für die Mukoviszidose ist, erfolgt 
im Rahmen des Neugeborenenscreenings die kombinierte 
Bestimmung beider Proteine sowie gegebenenfalls zusätz-
lich eine Mutationsanalytik.
Das in Deutschland zur Anwendung kommende IRT/
PAP-Protokoll mit Failsafe-Strategie ist in Abbildung  5 
dargestellt. Dabei wird im ersten Schritt bei allen Neu-
geborenen die IRT-Konzentration gemessen. Liegt diese 
unter der 99. Perzentile, so ist das Screeningergebnis 
negativ. Bei Vorliegen einer IRT-Konzentration über der 
99.9. Perzentile erfolgt die direkte Durchführung eines 
Schweißtests ohne PAP-Bestimmung oder Mutations-
analytik (Failsafe-Strategie). Liegt die IRT-Konzentration 
zwischen der 99. und der 99.9 Perzentile, erfolgt die 
PAP-Bestimmung. Ist diese ebenfalls auffällig, erfolgt im 
dritten Schritt die Mutationsanalytik. Mit IRT/PAP-Proto-
koll wurden in der Literatur eine diagnostische Sensitivi-
tät von 96% und eine diagnostische Spezifität von 99% 
angegeben [7] Es ist zudem zu erwarten, dass bei einer 
Inzidenz von 1 : 3.300 [8] in Deutschland pro Jahr etwa 240 
Neuerkrankungen auftreten müssten. Davon würden etwa 
10 betroffene Kinder nicht durch das Neugeborenenscree-
ning erkannt werden, während ca. 8000 Kinder vorerst als 
falsch positiv eingestuft werden würden. Damit liegt der 
zu erwartende positiv prädiktive Wert (PPV) unterhalb des 
PPV der bisherigen Zielkrankheiten [57] und begründet 
die Notwendigkeit der Mutationsanalytik aus dem Tro-
ckenblut der Screeningkarte als 3. Stufe des Mukoviszido-
sescreenings. Trotz Mutationsanalytik wird der PPV der 
bisherigen Zielkrankheiten jedoch voraussichtlich nicht 
erreicht, da durch die Failsafe-Strategie zu viele falsch-
positive Neugeborene detektiert werden.
Genetische Diagnostik des 
Mukoviszidosescreenings
Bei auffälligen Konzentrationen von IRT und PAP werden 
die laut Register [58] 31 häufigsten Varianten im CFTR-
Gen in Deutschland genetisch untersucht [55]. Nach der 
DNA-Extraktion aus den Trockenblutkarten werden die 
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zu untersuchenden Bereiche amplifiziert und entweder 
per Sanger-Sequenzierung, reverser Hybridisierung oder 
Oligo-Ligation-Assay analysiert. Kann keine Mutation 
nachgewiesen werden, gilt das Neugeborenenscreening 
als unauffällig. Im CFTR-Gen sind aber über 200 patho-
gene genetische Varianten bekannt. Somit erfasst man mit-
hilfe des genetischen Screenings laut WHO-Report [8] nur 
ca. 90% der Mutationen, die bei Mukoviszidose-Patienten 
am häufigsten vorkommen. Diese WHO-Zahlen weichen 
jedoch von den Allelfrequenzen regionaler Studien in 
Deutschland ab, welche sich auf eine Gesamtabdeckung 
von 94,7% summieren und die Grundlage für die Richtlinie 
des G-BA zum Mukoviszidosescreening bildeten.
Ein unauffälliger molekulargenetischer Befund 
schließt eine Mukoviszidose nicht mit Sicherheit aus. 
Gerade bei Neugeborenen aus anderen ethnischen 
Gruppen (Nicht-Kaukasier) ist die Sensitivität des Mutati-
onsscreenings deutlich reduziert. So lassen sich z.B. bei 
türkischen oder syrischen Kindern mit dem G-BA Mutati-
onspanel nur ca. 40%–70% der CFTR-Mutationen dieser 
Bevölkerungsgruppen nachweisen [8]. Zudem können 
durch Konsanguinität Homozygotien für seltene Varian-
ten auftreten.
Präzisere Zahlen zu den Allelfrequenzen der CFTR-
Varianten in Deutschland, auch im Zuge der jüngsten 
Zuwanderung, werden nach ersten Auswertungen des 
deutschlandweiten Mukoviszidosescreenings vorliegen.
Sollte bei unauffälligem Mutationsscreening und 
auffälligem Schweißtest weiterhin der Verdacht auf eine 
Mukoviszidose vorliegen, sollte immer eine weiterführende 
Diagnostik mittels Komplettsequenzierung des CFTR-Gens 
und MLPA (zur Untersuchung auf exonspannende Deleti-
onen und Duplikationen) durchgeführt werden [59]. Diese 
Analyse ist ebenfalls aus den Trockenblutkarten möglich. 
Eine zusätzliche Blutentnahme sollte daher in der Regel 
nicht notwendig sein, wenn alle fünf Kreise der Trocken-
blutkarte vollständig mit Blut durchtränkt wurden.
Befunderstellung
Nach Abschluss aller biochemischen und genetischen 
Untersuchungen erstellt das Screeninglabor einen End-
befund, welcher nur die positive oder negative Gesamtbe-
urteilung enthält. Enzymkonzentrationen und Ergebnisse 
der genetischen Diagnostik werden nicht mitgeteilt. Der 
Befund wird an den Einsender verschickt, welcher im 
Falle eines positiven Befundes Kontakt mit den Personen-
sorgeberechtigten aufnimmt und diesen eine Liste mit zer-
tifizierten Mukoviszidosezentren zur Durchführung der 
Konfirmationsdiagnostik aushändigt. Die Auswahl des 
Behandlungszentrums ist den Personensorgeberechtigten 
selbst überlassen.
Konfirmationsdiagnostik
Eine besonders wichtige Rolle kommt dem oben bereits 
erwähnten Schweißtest (Pliocarpin-Iontophorese nach 
Gibson & Cook) zu, welcher der Goldstandard zur Kon-
firmationsdiagnostik ist [60] und möglichst in einem 





Der Schweißtest wird bei stark erhöhten IRT-Werten 
über der 99.9. Perzentile oder bei auffälliger CFTR-Gen-
diagnostik durchgeführt. Dabei wird der Chloridgehalt 
im Schweiß bestimmt, der bei einer klassischen Muko-
viszidose über 60 mmol/L liegt und bei Gesunden unter 
30 mmol/L [53, 61]. Kinder mit einem Wert im intermedi-
ären Bereich (30–60 mmol/L) sollten weiter beobachtet 
werden, da möglicherweise eine CFTR-RD vorliegen kann. 
Das Mukoviszidosezentrum darf bei auffälliger Konfir-
mationsdiagnostik den molekulargenetischen Befund, 
sofern erhoben, aus dem Neugeborenenscreening anfor-
dern. Die Richtlinie des G-BA sieht vor, dass in diesem 
Fall der die Konfirmationsdiagnostik durchführende 
Pädiater den molekulargenetischen Befund von dem ein-
sendenden Arzt (in der Regel Geburtsklinik) anfordert. 
Dieser Darstellung hat die Gendiagnostik-Kommission 
(GEKO) ausdrücklich widersprochen. Aus Sicht der GEKO 
soll der molekulargenetische Befund vielmehr direkt von 
dem Screeningzentrum zum Zentrum der Konfirmati-
onsdiagnostik geschickt werden, ohne Umweg über den 
ursprünglichen Einsender des Screenings [62]. Sollte die 
Konfirmationsdiagnostik aufgrund zu geringer Schweiß-
mengen nicht möglich sein, darf der behandelnde Arzt 
nach Zustimmung der Sorgeberechtigten dennoch den 
Befund der molekulargenetischen Untersuchung abfra-
gen. Anlageträger ohne klinischen Nachweis einer Muko-
viszidose sollen mit dem Screening nicht identifiziert 
werden. Die Analytik des Schweißtestes sollte in der 
durchführenden Einrichtung regelmäßig mit qualitätssi-
chernden Maßnahmen überprüft werden [63].
Für einen Teil der nach dem Screening auffälligen 
Kinder ergibt die Konfirmationsdiagnostik einen Befund im 
intermediären Bereich (Chloridgehalt im Schweiß: 30–60 
mmol/L). Diese Kinder werden zunächst unter der Diag-
nose „CFSPID“ (CF Screeening positive inconclusive diag-
nosis) geführt. Oftmals ergibt die CFTR-Mutationsanalytik 
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nur den Nachweis einer klar pathogenen Variante im CFTR-
Gen, während für die zweite die Relevanz (noch) nicht 
klar beurteilt werden kann. Hier kann eine weiterführende 
Analytik zur CFTR-Funktion mittels elektrophysiologischer 
Methoden wie ICM (Intestinal current measurement) [64] 
oder NPD (Transepithelial Nasal potential difference) [20] 
hilfreich sein. Diese Verfahren sind jedoch nur in speziellen 
Zentren wie Hannover oder Heidelberg möglich und nur z.T. 
für Neugeborene einsetzbar. Für Kinder mit einer CFSPID 
wurden in einer Delphi-Konferenz Richtlinien erarbeitet, 
welche für die weitere klinische Betreuung herangezogen 
werden sollen [65]. Je nach Veränderung im klinischen 
Verlauf oder in der Elektrophysiologie kann eine Umgrup-
pierung in eine klassische Mukoviszidose erfolgen, was 
bei ca. 10% der Kinder erfolgt [66]. Bei weiterhin klinisch 
unauffälligen Kindern sollte gemeinsam mit der Familie 
das weitere Vorgehen abgestimmt werden. In jedem Fall ist 
die Betreuung von Familien mit einer CFSPID eine beson-
dere Herausforderung für das Mukoviszidose-Team.
Fazit
In Deutschland sind ca. 8.500 Kinder, Jugendliche und 
Erwachsene an Mukoviszidose erkrankt [58], die wenigs-
ten davon wurden im Rahmen der regionalen Neugebo-
renenscreening-Initiativen erkannt [7]. Doch gerade bei 
Mukoviszidose findet schon sehr früh im Säuglingsalter 
eine Schädigung der Lunge statt, wie australische CT-Rei-
henuntersuchungen [67] und deutsche MRT-Analysen [68] 
zeigen konnten. Deshalb ist es besonders wichtig, Pati-
enten mit einer Mukoviszidose so schnell wie möglich zu 
identifizieren und in einem spezialisierten Mukoviszido-
sezentrum intensiv zu betreuen [69]. Durch das stufenba-
sierte Mukoviszidosescreening werden nach derzeitigem 
Kenntnisstand in Deutschland 96% aller betroffenen 
Kinder zukünftig präsymptomatisch diagnostiziert und 
können somit frühzeitig eine individuell abgestimmte 
Therapie erhalten. Für den Langzeiterfolg dieser The-
rapiestrategien ist es notwendig, neben der Qualitäts-
sicherung des Neugeborenenscreening-Programms die 
lebenslange Betreuung der Patienten im Kindes-, Jugend-, 
und Erwachsenenalter mit qualitätsgesicherten Transiti-
onsprogrammen zu begleiten. Da ca. 4% der betroffenen 
Kinder nicht erkannt werden, muss die Mukoviszidose 
weiterhin im klinischen Fokus bleiben. Valide Aussagen 
zur Effizienz und Qualität des Mukoviszidosescreening 
wird die Deutsche Gesellschaft für Neugeborenenscree-
ning mit ihrem jährlichen Nationalen Screeningreport 
nach der bundesweiten Einführung des Mukoviszidose-
screenings liefern.
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2.6.2 Homozygous CFTR mutation M348K in a boy with respiratory symptoms 
and failure to thrive. Disease-causing mutation or benign alteration? 
Hentschel J, Riesener G, Nelle H, Stuhrmann M, Schöner A, Sommerburg 





In GnomAD (v2.1.1., https://gnomad.broadinstitute.org/) sind aktuell 2381 SNVs im CFTR-
Gen beschrieben. Während für LoF-Varianten (frameshift, canonical splice site, nonsense) die 
Beurteilung zur Pathogenität anhand der ACMG-Kriterien
107
 meist leicht ist, ergibt sich für 
missense Varianten nicht immer gleich ein klares Bild. 2012 fanden wir bei einem Kind 
konsanguiner Eltern aus Syrien, welches in der 27. Schwangerschaftswoche geboren wurde 
und mit wiederkehrenden Infekten auffiel, die homozygote Variante c.1043T>A, 
p.(Met348Lys). Die Eltern und die gesunden Geschwister trugen die Variante jeweils 
heterozygot. Die Variante ist in der Allgemeinbevölkerung vorkommend, aber bisher nicht in 
homozygote Form beschrieben, in silico-Prädiktionsprogramme bewerten sie als schädlich. 
Die Aminosäure Methionin an dieser Stelle ist evolutionär hoch konserviert bis zum 
Zebrafisch. Zum Zeitpunkt des Nachweises der Variante war diese in der HMGD 
(https://portal.biobase-international.com/) bereits als pathogen beurteilt und direkt 
benachbart liegen mehrere pathogene missense-Varianten. Außerdem segregierte die 
Variante in der Familie mit dem Phänotyp. Auf Basis dieser Informationen würde man auch 
2020 die Variante als wahrscheinlich pathogen beurteilen. Bei unserem Patienten konnten 
letztlich funktionelle Analysen eindeutig beweisen, dass die Variante keinen Einfluss auf die 
Chloridkanalfunktion hat, sowohl Schweißtest als auch die Elektrophysiologie ergaben 
Normalwerte. Bei eingehender Literaturrecherche ergaben sich in den Publikationen, welche 
die Variante damals als kausal ansahen, Ungenauigkeiten und Schwächen. Heute finden sich 
in der ClinVar-Datenbank drei Einträge, welche die Variante als benigne oder wahrscheinlich 
benigne klassifizieren und inzwischen gibt es auch weitere Publikationen, welche die 
Variante als benigne ausweisen
108
. 
Fazit: Der Beweis der Kausalität bei missense-Varianten sollte immer anhand der 
Funktionsanalyse erfolgen. Außerdem gibt heute es moderne Datenbanken (z.B. CFTR2; 
www.cftr2.org), welche in vitro die Auswirkungen vieler verschiedener Varianten auf die 
Kanalfunktion testen. Auch dies kann zur Beurteilung beitragen.
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Abstract We report on a 6-month-old premature boy from
consanguineous parents. He presented with respiratory dis-
tress, necrotizing enterocolitis and hyperbilirubinemia short-
ly after birth. Persisting respiratory symptoms and failure to
thrive prompted cystic fibrosis diagnostics, which showed
the lack of wild-type signal for the mutation R347P suggest-
ing a homozygous deletion or an alteration different from
the known mutation at this position. Sequencing of this
region revealed the homozygous substitution 1175 T>A
(HGVS: c.1043 T>A) in exon 7 resulting in the homozy-
gous amino acid change M348K. This mutation has never
been reported in homozygosity before. Computational anal-
ysis tools classified M348K as ‘presumably disease caus-
ing.’ In our patient, sweat testing and electrophysiological
assessment of CFTR function in native rectal epithelium
demonstrated normal Cl− secretion. Conclusion: We
assume that the homozygous alteration M348K is a harm-
less variant rather than a CF-causing mutation.
Keywords Cystic fibrosis . CFTR .M348K . Homozygous .
MutationTaster
Introduction
Cystic fibrosis (OMIM #219700) is the most common au-
tosomal recessive disorder in western countries and caused
by mutations in the CFTR gene (OMIM #602421). To date,
more than 1,800 mutations are known (CF mutation data-
base [4]). Although many of them are well characterised, the
clinical relevance of some alterations is discussed contro-
versially. We report on the first patient with homozygosity
for the mutation M348K, with so far unknown clinical
relevance. Until now, only three cases with heterozygote
M348K mutation have been reported [3,5,6].
First detected in a severely affected patient carrying
F508del on the other allele [3], M348K was classified as a
disease-causing mutation. Likewise, M348K is listed as a
‘disease-causing mutation’ in the Human Genome Mutation
Database [9] which is the basis for training of most of the
prediction tools. It has to be mentioned that maybe not the
entire CFTR gene was analysed in this first work. Therefore,
an undetected complex allele could be the reason for the
reported phenotype. In another publication, M348K was
found together with the mutation L346P in a 48-year-old
unaffected individual [6]. L346P in combination with
F508del or 1677delTA (c.1545_1546delTA) leads to a mild
or atypical phenotype. Therefore, the authors suggest that
either L346P is dominant over M348K or that M348K is a
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harmless variant rather than a disease-causing mutation.
Previously, a clinically affected individual was described
carrying G1244E and N1303K [5]. The healthy father was
found to be compound heterozygous for M348K and
G1244E. This again argues for a benign mutation. However,
a homologous recombination between the two alleles and an
in-cis position of both alterations could not be excluded.
Taken together, the clinical relevance of the M348K muta-
tion remains unclear. Therefore, diagnostic findings in our
homozygous patient are highly informative for the clinical
classification of this mutation.
Methods
Patients
The male patient of consanguine Syrian parents was
screened for CF at the age of 6 months because of failure
to thrive and bronchopulmonary symptoms. Symptoms of
respiratory distress, necrotizing enterocolitis with pneuma-
tosis intestinalis and hyperbilirubinemia are likely related to
premature birth in the 26+5 week of pregnancy. Birth
weight was 915 g and the patient prospered without supple-
mentation of pancreatic enzymes. Elastase was found nor-
mal (>400 μg/g), so that pancreatic sufficiency could be
stated. After discharge from hospital, the presently 2-year-
old patient continued to suffer from remittent bronchitis and
rhinosinusitis with temporary upper and lower colonization
with methicillin-resistant Staphylococcus aureus and remit-
tent detection of Haemophilus influenzae and Acinetobacter
lwoffii.
Electrophysiological measurements
Electrophysiological measurements of CFTR-mediated Cl−
secretion rectal biopsieswere performed at the age of 7months
in modified micro-Ussing chamber as described previously
[8,10,11,19]. In brief, rectal biopsies were obtained by forceps
biopsy and immediately mounted in perfused micro-Ussing
chambers. The luminal and basolateral surfaces of the tissues
were perfused continuously with a solution of the following
composition (millimoles per litre): NaCl 145, KH2PO4 0.4,
K2HPO4 1.6, D-glucose 5,MgCl2 1, Ca-gluconate 1.3, pH 7.4,
at 37°C. Transepithelial voltage (Vte) was measured under
open circuit conditions and referenced to the basolateral side
of the epithelium. Transepithelial resistance (Rte) was deter-
mined by applying intermittent (1 s) current pulses (ΔI0
0.5 μA), and the equivalent short circuit current (Isc) was
calculated according to Ohm’s law from Vte and Rte (Isc0Vte/
Rte). Tissues were equilibrated in the presence of indometha-
cin (10 μmol/L, basolateral), and amiloride (10 μmol/L,
luminal) was added to block electrogenic Na+ absorption. To
determine the magnitude of CFTR-mediated Cl− secretion, we
measured cAMP-induced lumen-negative (Cl− secretory)
responses after exposure to 3-isobutyl-1-methylxanthine
(IBMX; 100 μmol/L, basolateral) and forskolin (1 μmol/L,
basolateral). Further, we measured the responses to choliner-
gic activation (carbachol 100 μmol/L, basolateral) in the pres-
ence of cAMP-dependent stimulation to increase the driving
force for CFTR-mediated Cl− secretion via co-activation of
basolateral K+ channels, as previously described [11,19].
Previous studies using this protocol in non-CF and CF
rectal tissues identified three diagnostic response patterns:
(1) In non-CF tissues, cAMP-mediated stimulation produces
a lumen-negative Vte and Isc response that is further aug-
mented by cholinergic co-activation with carbachol; (2) in
tissues from CF patients carrying two CFTR loss of function
mutations (class I-III), cAMP-dependent and cholinergic
activation fails to induce Cl− secretion and result in inverse
lumen-positive responses reflecting K+ secretion, which is
unmasked in the absence of anion secretion (see represen-
tative tracing in Fig. 1b); and (3) in tissues from CF patients
carrying at least one CFTR mutation with residual function
(class IV or V), cAMP-dependent activation induces an
attenuated Cl− secretory response (lumen-negative) fol-
lowed by a biphasic response to cholinergic activation (see
representative tracing in Fig. 1c) [10,11,19].
Molecular genetic analysis
Initially, DNA from whole blood was investigated for the 36
most common mutations in the Caucasian population using
the INNO-LiPA CFTR 17+Tn update and CFTR19 kit
(Innogenetics) according to manufacturer’s instructions.
Uniparental disomy (UPD) 7 analysis was done with micro-
satellites GATA137H02 (7p14), D7S2559 (7p21.1),
D7S817 (7p14.3), D7S2846 (7p14.1), D7S1830 (7p12.1),
D7S3046 (7q11.22), D7S2204 (7q22), D7S820 (7q21.11),
D7S1799 (7q21.1), D7S821 (7q21.3), D7S1804 (7q32.2),
D7S1824 (7q35), D7S2461 (7q36.1) and D7S3058
(7q36.2). For sequencing analysis of CFTR exon 7, DNA
was amplified using primers CFTR E7Fa: 5′ AACT-
GAAACTGACTCGGAAGG 3′ and CFTR E7Ra: 5′
TTGTACAGCCCAGGGAAAT 3′ and the following PCR
conditions: initial denaturation—95°C 5 min, 30×95°C
30 s, 52°C 30 s and 72°C 60 s and final elongation—72°C
5 min. Cycle sequencing reaction was carried out using
primer E7Fa and the Big Dye Termination Kit (Applied
Biosystems). Sequencing PCR was done using the follow-
ing conditions: initial denaturation 96°C 2 min, 25×96°C
10 s, 50°C 5 s and 60°C 4 min. Sequencing products were
analysed using the ABI3130 genetic analyser (Applied Bio-
systems). Subsequently, the complete coding region includ-
ing flanking intronic sequences of CFTR was sequenced,




PCR and sequencing conditions are available upon
request.
MLPA analysis to detect copy number changes within the
CFTR gene was performed using the Kit P091-B1 (MCR
Holland) according to manufacturer’s instructions.
Computational analysis was done using MutationTaster,
Sorting Intolerant from Tolerant (SIFT) and PolyPhen2.
MutationTaster, a statistical method which was published
recently in Nature Methods [20], employs a Bayes classifier
to predict the disease potential of an alteration based on a
training set of 55,000 known mutations and 520,000 poly-
morphisms [12] (risk of wrong classification 10%). SIFT
predicts whether an amino acid substitution affects protein
function based on sequence homology and the physical
properties of amino acids [22]. The prediction method is
based on the position of substitution differentiating con-
served from polymorphic regions and the type of amino
acid change [14]. PolyPhen2 was trained with two pairs of
datasets (HumDiv, HumVar). Disease causing mutations
from the Uniprot database [25] were compared to their
mammalian homologs and to nonsynonymous SNPs (both
non-damaging). Using HumVar, which is recommended for
Mendelian diseases, 73% of predictions were true positive
and 20% were false negative [1]. PMut predictions are based
on the use of neural networks, and the tool is trained using a
Fig. 1 Original recordings of the effects of cAMP-dependent activation
(IBMX/forskolin) and cholinergic activation (carbachol) on Vte and Rte in
rectal tissues from a the patient (M348K/M348K) showing normal Cl−
secretory responses (lumen-negative Vte responses), b a CF patient (1717-
1G→A/R764X) with no detectable Cl− secretion (lumen-positive Vte
responses) and c a CF patient (F508del/R334W) expressing residual
Cl− secretion, as evidenced by the attenuated lumen-negativeVte response
and biphasic response to carbachol. Experiments were performed in the
presence of indomethacin and amiloride. Rte was determined from Vte























Fig. 2 Results of the INNO LiPA CFTR17+Tn update analysis, which
showed the lack of wild-type signal for the mutation R347P suggesting
a homozygous deletion or an alteration different from the known




Table 1 Result of STR analysis
STR-Marker Chromosomal localizationa Allele distribution Allele distribution Allele distribution Interpretation
Mother Father Child
D7S3051 7p14 a–c b–c a–b Informative normal
D7S2559 7p21.1 b–b a–b a–b Non-informative
D7S817 7p14.3 a–c b–d c–d Informative normal
D7S2846 7p14.1 a–c b–d a–d Informative normal
D7S1830 7p12.1 a–c b–b a–b Informative normal
D7S3046 7q11.22 b–d a–c a–b Informative normal
D7S2204 7q21.11 a–a b–c a–b Informative normal
D7S820 7q21.11 a–d b–c b–d Informative normal
D7S1799 7q21.1 b–c a–c c–c Non-informative
D7S821 7q21.3 a–b a–b b–b Non-informative
D7S1804 7q32.2 b–c a–b b–b Non-informative
D7S1824 7q34 a–a b–c a–c Informative normal
D7S2461 7q36.1 b–c a–b b–b Non-informative
D7S3058 7q36.2 a–c b–b b–c Informative normal
aChromosomal localisation according to www.genome.ucsc.edu [24]















Fig. 3 a Uniparental disomy 7
(UPD 7) analysis.
Representative picture of five
informative normal markers
was shown. In the sample of the
patient (c), we detected one
band derived from the mother
(M) and one band derived from
the father (F), respectively,
excluding a UPD 7. b Markers
D7S1799 (7q21.1) and
D7S1804 (7q32.2) showed only
one band in the child indicating
a homozygosity for the region
spanning the CFTR gene while





database with neutral and pathological mutations resulting
in 80% true predictions [7].
Results
Sweat test and electrophysiological measurements
Sweat testing of the patient was normal in repeated measure-
ments (Cl− concentrations of 27, 12 and 13 mmol/l). Fur-
ther, CFTR function was assessed by transepithelial
measurements of two rectal biopsies mounted in modified
micro-Ussing chambers (Fig. 1). In two independent meas-
urements, cAMP-dependent activation of rectal tissues from
the patient induced Cl− secretory responses in the range of
normal tissues (tissue 1: ΔIsc0−153 μA/cm
2; tissue 2:
ΔIsc0−260 μA/cm
2; previously published mean of non-
CF tissues: ΔIsc0−94.3±8.6 μA/cm
2 [8]), which were fur-
ther augmented by cholinergic co-activation with carbachol.
The pattern and magnitude of these responses are character-
istic for non-CF rectal tissues (Fig. 1a). In contrast, rectal
epithelia from CF patients carrying loss of function mutations
(CFabsent) lack cAMP-mediated Cl
− secretion (previously pub-









Fig. 4 Sequencing analysis of
the altered region of exon 7 of
the CFTR gene. The patient’s
sample revealed a homozygous
change T>A at the position
1175 (c.1043T>A) which
results in amino acid
replacement from methionine to
lysine at codon 348 (M348K).
Parents and both brothers
showed this alteration in a
heterozygous state. M348K was




and carbachol-induced Cl− secretion (Fig. 1b), whereas tissues
from CF patients carrying at least one mutation with residual
Cl− channel function (CFresidual) show attenuated cAMP-
mediated Cl− secretory responses (previously published mean
of CFresidual tissues: ΔIsc0−28.1±2.9 μA/cm
2 [8]) followed
by biphasic responses to carbachol (Fig. 1c). Therefore, the
results obtained in our patient argue against impairment of
CFTR function in native rectal tissues.
Molecular genetic analysis
None of the 36most commonmutations was detected using the
INNO-LiPA kit. However, the wild-type signal for R347P was
lost (Fig. 2). The IVS8-7T-polymorphism was homozygous.
As homozygosity for a mutation affecting the sequence
of codon 347 or nearby was presumed and because of
homozygosity of IVS8-7T, a UPD analysis for chromosome
7 was performed. Nine markers showed a normal distribu-
tion of maternal and paternal alleles in the patient sample,
while further markers were non-informative (Table 1;
Fig. 3a, b). A UPD 7 was therefore excluded for the ana-
lysed chromosomal regions. In addition, microsatellite anal-
ysis confirmed homozygosity of the region 7q21.1–7q32.2
surrounding the CFTR gene (7q31.2) in the patient (Table 1
marked in grey and Fig. 3b marked by arrows) while the
parents were found to be heterozygous at these loci.
Sequencing of the region of interest of exon 7
showed a homozygous replacement from T>A at posi-
tion 1175 (c.1043 T>A) of the CFTR gene (transcript
ENST00000003084, Fig. 3). Codon 348 (ATG) was
changed to AAG resulting in an amino acid change
from methionine to lysine (M348K). Sequencing of
parents and healthy elder brothers of the index patient
revealed heterozygosity for M348K for all tested family
members (Fig. 4). If one of the healthy brothers also
had a homozygous M348K substitution, the alteration
could have been easily classified as benign. M348K was
not found in four sequenced control samples.
Computational analysis using MutationTaster and SIFT
Sequence [23] classified this alteration as ‘presumably
disease-causing’ with a probability of 0.999993753315085
for MutationTaster. Additionally MutationTaster revealed a
possible slice site change which we could not confirm using
NetGene2 [13] and ASSP [2]. Using the prediction tool
PolyPhen2 [16], M348K was found to be ‘probably damag-
ing’ (score 0.997). Also PMut [15] assessed the alteration
M348K as ‘pathological’ with a score of 0.8245 (threshold
for pathological alterations>0.5) and a confidence level of
the prediction of 6 (00 low, 90high confidence).
Although CFTR mutation detection rates using the
INNO-LiPA system are very high for patients of German
origin (91% of all mutations), detection rates for other ethnic
groups with different mutation spectra can be much lower.
This could be relevant, as our patient is of Syrian origin and
no evident data for the incidence and the mutation spectrum
in Syria are given [26]. Only for the neighbouring countries
Jordan (13.9%), Turkey (35%), Israel (84%) and Lebanon
(38.25%) detection rates are available [26]. To exclude
Fig. 5 Modified from [17]. 3D
structure of the CFTR protein
illustrating the location of M6
(which harbours the M348K)
within the MSD1 which forms





further mutations and deletions, all 27 exons and flanking
intronic regions of the CFTR gene were sequenced, and a
MLPA analysis was performed, which revealed no further
mutation in addition to the initially found M348K.
Discussion
This is the first report of a patient with a homozygous
M348K CFTR mutation. We not only described clinical
findings but also investigated CFTR Cl− channel function
in native rectal epithelia of this patient.
Normal CFTR function was found in the patient by
repeated sweat tests. Further, normal CFTR function was
confirmed by electrophysiological measurements of rectal
biopsies in micro-Ussing chambers demonstrating how this
sensitive assay can be applied in the clinical setting to study
the function rare CFTR variants and aid in the work up of
patients for an equivocal diagnosis of CF [8,10]. Interest-
ingly, this is inconsistent with previously evaluated prediction
tools which classified the alteration M348K as ‘presumably
disease causing’ or ‘probably damaging’.
The CFTR protein consists of two groups with each six
transmembrane domains (membrane span domain (MSD) 1
and 2). Methionine at position 348 belongs to the transmem-
brane domain 6, which consists of 20 amino acids (http://
www.uniprot.org/uniprot/P13569) and is part of the MSD1.
MSD1 and MSD2 form the pore of the CFTR channel [21]
and Fig. 5 [17]. Within this transmembrane domain M6 to
date, 30 mutations at 22 positions are known [4]. Half of the
detected mutations are associated with CF phenotype; for
seven alterations (including M348K), the phenotype is not
clear and investigations within the CFTR2 project are on-
going. Additionally, the amino acid M348 is highly con-
served across species.
Methionine is an unpolar, neutral amino acid while lysin
is a polar, basic amino acid. The isoelectric point of lysin is
situated much higher than of methionine. These properties
can influence the conductance of the CFTR protein as it is
published for mutation R347P [21]. It can be suspected that
these aspects may explain the predictions. Besides, tools
were trained with published disease mutations and M348K
mutation is listed as one.
Taken together, our investigation suggests that the CFTR
alteration M348K is a harmless variant rather than a CF-
causing mutation. However, the question cannot finally be
answered, whether the ongoing clinical problems like bron-
chial hyper reactivity and airway colonization with patho-
gens like MR S. aureus, H. influenzae and A. lwoffii are
related to the changes in the CFTR gene or if they are due to
premature birth. A late onset of clinically relevant symptoms
of cystic fibrosis also cannot be excluded. Additionally,
CFTR expression is tissue specific [18], and consequently,
residual function can vary among different tissues. There-
fore, the patient is still attended in the CF-centre and mea-
surement of the nasal potential difference is planned to be
performed at school age. The analysis of a second tissue will
allow to follow up changes of the CF function over time.
It also has to be mentioned that due to the consanguinity of
the parents, homozygosity for other alleles might have been
occurred in the patient and may contribute to the observed
phenotype. To address this question, whole genome sequenc-
ing could be performed to find other alterations in the patient’s
genome. As another hypothesis, genetic modifiers influencing
CFTR protein function may lead to this particular phenotype.
It could be speculated that a M348K mutation causes a de-
crease in CFTR function, but at the same time, a positive
influence of modifiers results in residual function which can
be measured via electrophysiology. A much clearer CF phe-
notype could be visible in other patients without the positive
influence of such modifiers.
Furthermore, the CFTR2 project, which addresses geno-
type–phenotype correlation of all known CFTR mutations in
a cell culture system, could answer the remaining questions
in more detail.
Assume that prediction tools as MutationTaster or Poly-
Phen are helpful to classify genetic alterations in molecular
genetic diagnostics and genetic counselling but regarding
disease causing roles of mutations functional analysis is the
best way to identify the alterations’ clinical relevance.
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2.6.3 Reduced nasal nitric oxide production in cystic fibrosis patients with 
elevated systemic inflammation markers. 
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NO, welches im Infekt v.a. von der NO-Synthase 2 produziert wird, ist Teil der primären 
Immunantwort. Normalerweise findet man im Rahmen von entzündlichen Prozessen 
erhöhte NO-Werte. Es ist jedoch bekannt, dass NO bei primärer Ziliendyskinesie (PCD) 
erniedrigt ist, für CF gibt es widersprüchliche Daten. Wir untersuchten nasales und 
bronchiales NO bei 57 CF-Patienten inkl. systemischer Inflammationsparameter wie CRP. Es 
ergab sich eine positive Korrelation zwischen nasalem und bronchialem NO, aber kein 
Zusammenhang zum Besiedlungsstatus der Atemwege mit Problemkeimen. 
Kontroverserweise waren hohe CRP-Werte mit niedrigerem NO in den oberen Atemwegen 
assoziiert, möglicherweise erklärt, dadurch, dass NO in viskösen Mukus gefangen bleibt oder 
von anaeroben Bakterien verstoffwechselt wird.  
Fazit: Auch die NO-Studie gibt Hinweise darauf, dass die Immunantwort in den oberen 
Atemwegen bei CF nicht adäquat ist. 
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Reduced Nasal Nitric Oxide Production in Cystic Fibrosis
Patients with Elevated Systemic Inflammation Markers
Ruth K. Michl*, Julia Hentschel, Christiane Fischer, James F. Beck, Jochen G. Mainz
Department of Paediatrics, Jena University Hospital, Jena, Germany
Abstract
Background: Nitric oxide (NO) is produced within the respiratory tract and can be detected in exhaled bronchial and nasal
air. The concentration varies in specific diseases, being elevated in patients with asthma and bronchiectasis, but decreased
in primary ciliary dyskinesia. In cystic fibrosis (CF), conflicting data exist on NO levels, which are reported unexplained as
either decreased or normal. Functionally, NO production in the paranasal sinuses is considered as a location-specific first-line
defence mechanism. The aim of this study was to investigate the correlation between upper and lower airway NO levels and
blood inflammatory parameters, CF-pathogen colonisation, and clinical data.
Methods and Findings: Nasal and bronchial NO concentrations from 57 CF patients were determined using an
electrochemical analyser and correlated to pathogen colonisation of the upper and lower airways which were
microbiologically assessed from nasal lavage and sputum samples. Statistical analyses were performed with respect to
clinical parameters (lung function, BMI), laboratory findings (CRP, leucocytes, total-IgG, fibrinogen), and anti-inflammatory
and antibiotic therapy. There were significant correlations between nasal and bronchial NO levels (rho = 0.48, p,0.001), but
no correlation between NO levels and specific pathogen colonisation. In patients receiving azithromycin, significantly
reduced bronchial NO and a tendency to reduced nasal NO could be found. Interestingly, a significant inverse correlation of
nasal NO to CRP (rho =20.28, p = 0.04) and to leucocytes (rho =20.41, p = 0.003) was observed. In contrast, bronchial NO
levels showed no correlation to clinical or inflammatory parameters.
Conclusion: Given that NO in the paranasal sinuses is part of the first-line defence mechanism against pathogens, our
finding of reduced nasal NO in CF patients with elevated systemic inflammatory markers indicates impaired upper airway
defence. This may facilitate further pathogen acquisition in the sinonasal area, with consequences for lung colonisation and
the overall outcome in CF.
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Introduction
Cystic fibrosis (CF) is one of the most frequent autosomal
recessive disorders in Caucasians. Pathogens like Pseudomonas (P.)
aeruginosa colonising the airways cause chronic pulmonary infec-
tions with a permanent inflammation process and, ultimately, a
life-limiting destruction of the lungs. Recently, the upper airways
(UAW), especially the nasal cavity and paranasal sinuses have
come into scientific focus as site of first and persistent airway
colonisation in CF. In this regard, anatomical and immunological
conditions facilitating sinonasal colonisation with pathogens are of
special interest [1,2].
In routine clinical care, efficient monitoring of pathogen
colonisation, lung function, and laboratory parameters is necessary
to optimize CF therapy. Currently, the standard of airway
sampling in CF comprises the lower airways with sputum, throat
swab, and – for special scientific and clinical questions –
bronchoalveolar lavage [3]. Upper airway sampling does not
belong to the current standards, but nasal lavage enables a non-
invasive and repeated sampling that can be used as a supplemen-
tary diagnostic tool [2,4,5].
Nitric oxide (NO) is a free radical gas produced in the lower and
– in markedly higher concentrations – in the upper respiratory
tract, which functions as a messenger molecule. As a mediator of
inflammation processes, NO affects vasodilatation and broncho-
dilatation, is a member of the primary upper airway defence with
its antimicrobial activity, and can be detected in exhaled air [6,7].
There are three isoforms of the NO forming enzyme, called NO
synthase (NOS): neuronal NOS (NOS1), inducible NOS (NOS2),
and endothelial NOS (NOS3). Whereas NOS1 and NOS3 are
expressed constitutively, NOS2 is known to be upregulated by pro-
inflammatory cytokines in inflammation processes [8]. Thus,
despite NO concentrations being variable in exhaled air, it is
generally increased within inflammatory lung diseases like asthma
and bronchiectasis [9,10]. The upper airways and, specifically, the
paranasal sinuses are the major source of NO [11]. In primary
ciliary dyskinesia, nasal NO is reduced consistently [7]. Therefore,
assessment of exhaled nasal NO is used as a non-invasive
diagnostic test for this inherited disease [6,12]. The bronchial
NO levels in CF patients, typically having a chronic inflammatory
lung disease, are, surprisingly, equal [10,13,14] or even decreased
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[13,15,16] in comparison to healthy control groups. Nasal NO
levels are known to be lower in CF patients than in control subjects
[10,13,14]. The aim of this study was to quantify NO in exhaled
bronchial and nasal air and to correlate the NO concentrations to
CF-pathogen colonisation as well as to clinical and laboratory
parameters in order to collect more information on differences in
upper and lower airway inflammatory reactions and NO
production.
Patients, Materials, and Methods
57 patients from the Jena University Hospital CF outpatient
clinic were enrolled in the study between August 2010 and January
2012. Inclusion criterion for patients was diagnosis of CF:
confirmed by at least two positive sweat tests and/or two CFTR
disease-causing mutations. Patients aged less than five years were
excluded from the study due to difficulties or experimental
uncertainties with NO measurements usually occurring with
smaller children. There were 26 males and 31 females aged 5–
73 years (mean age 20.9 years), 28 adults, and 29 children. Details
of the study population are given in Tables 1 and 2.
Ethics
This retrospective study strictly complied with the guidelines of
the Declaration of Helsinki and was approved by the ethics
committee of the Jena University Hospital (registration number
2909-08/10). All patients (or parents of minors) gave their written
informed consent.
Microbiology
Sputum and nasal lavage (NL) were collected for microbiologic
analyses, in order to assess material from both the nasal cavity
(UAW) and the lungs (LAW). If a patient was not able to produce
sputum or perform NL, respiratory and/or nasal swab samples
were obtained. Sputum samples were taken according to current
standards. Additional non-invasive upper airway sampling was
collected by diagnostic NL.
Diagnostic NL was performed as described previously [2,17]. In
brief, 10 ml of isotonic saline was slowly instilled into each nostril,
using a 10 ml syringe, while the patient was reclining the head and
closing the soft palate. The solution was retained for approxi-
mately 10 seconds in the nasal cavity and afterwards expulsed into
a sterile plastic beaker by forwarding and flexing the head.
P. aeruginosa serum antibodies for elastase, exotoxin A, and
alkaline protease were assessed by Mediagnost, Reutlingen,
Germany.
Statistical Analysis
Statistical analyses were performed using SPSS version 19.0
(SPSS Inc., Chicago, Ill., USA) and Prism version 6.01 (GraphPad
Software Inc., La Jolla, CA, USA). Metric variables of clinical and
laboratory data were usually expressed as mean together with 95%
confidence intervals, complemented by range values where
appropriate. Univariate nonparametric tests were chosen to
compare mean values of two independent samples (Wilcoxon-
Mann-Whitney test) or two and more independent groups
(Kruskal-Wallis test). Correlations between variables were assessed
using Spearman’s rank correlation coefficient rho.
To investigate the influence of potential confounding factors, a
multivariate analysis of bronchial and nasal NO concentration was
performed. Among the characteristics measured, additional
clinically important variables (i.e., CRP, and forced expiratory
volume in a second, FEV1) were selected and incorporated as
covariates in two univariate multiple linear regression models
describing the decadic logarithm of bronchial and nasal NO
concentrations, respectively. Residuals were tested for normality to
assess model assumptions.
All reported p-values are two-tailed and we define statistical
significance below the 0.05 level.
Nitric Oxide Measuring
NO was measured using an electrochemical NO analyser (FILT
NO VARIO Analysator, Berlin, Germany) according to interna-
tional guidelines [18]. Under visual control on a computer screen,
patients exhaled through a mouthpiece against a positive pressure
of 10 mm Hg in order to achieve a constant flow rate of 50 ml/s.
For nasal NO measurement, one nostril was closed with an
inserted olive, leaving the other nostril open. Air was sampled
while exhaling with the soft palate closed. Closure of the soft palate
was achieved while slowly exhaling against standardized positive
pressure.
Measurements were taken twice and the mean NO concentra-
tion was used for further analyses, as recommended by the
American Thoracic Society (ATS) [18]. As there are conflicting
results in different studies [19,20] to whether a circadian effect on
nasal NO can be found, we followed the guidelines of the ATS,
recommending measurement of nasal NO at the same time of the
day.
Spirometry
Spirometry was performed with Master Screen Body (Jaeger/
Toennies, Germany), FVC (forced vital capacity) and FEV1
(forced expiratory volume in a second) were expressed as
percentage of predicted values. Reference values were calculated
according to Polgar et al [21] for adults and Zapletal et al [22] for
children.
Results
Correlation between Bronchial and Nasal Nitric Oxide
Bronchial and nasal nitric oxide measurements correlated
significantly (Spearman’s correlation coefficient rho= 0.48,
p,0.001, see Figure 1), despite the very different concentration
levels.
Table 1. Clinical and laboratory parameters of studied CF
patients.
Metric variables n Mean SD Median Range
Age 57 20.91 12.76 21.00 5–73
Lung function FEV1 (% predicted) 56 80.14 30.88 83.00 23–128
Lung function FVC (l) 53 89.75 21.93 92.00 41–127
BMI (kg/m2) 57 18.95 2.83 18.50 13.2–26.0
BMI percentile 26 46.00 23.85 44.00 2–89
CRP (mg/l) 54 5.52 7.58 2.00 2–33
Leucocytes (Gpt/l) 53 8.69 3.30 8.00 4.2–22.3
IgG (g/l) 40 12.08 4.52 11.15 5.1–23.2
Fibrinogen (g/l) 51 2.98 0.52 2.90 2.2–4.4
Abbreviations: SD – standard deviation; FVC – forced vital capacity; FEV 1–
forced expiratory volume in one second; BMI – body mass index; CRP – C-
reactive protein; IgG – immunoglobulin G.
doi:10.1371/journal.pone.0079141.t001
Cystic Fibrosis: Nitric Oxide in Both Airway Levels
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Correlation between Nitric Oxide and Clinical Parameters:
Nutritional Status/Body Mass Index
The body mass index (BMI) was used as nutritional status
indicator for adult patients, while BMI percentiles were used for
children. Nutritional status was categorized according to the
recommendation of the WHO [23]. Neither bronchial NO nor
nasal NO concentrations showed significant differences between
the BMI groups.
Since all enrolled patients were pancreas insufficient, a
comparison between pancreas sufficient and pancreas insufficient
patients was not possible.
Table 2. Pathogen colonisation and therapy of studied CF patients.
Nominal variables n Absolute frequency Relative frequency
Permanent colonization LAW: 57
- P. aeruginosa 21 36.8%
Detection in UAW: 57
- P. aeruginosa 8 14.0%
- S. aureus 21 36.8%
Detection in LAW: 57
- P aeruginosa 19 33.3%
- S. aureus 21 36.8%
Current steroid therapy: 57
- nasal 16 28.1%
- bronchial 22 38.6%
Current inhalative antibiotic therapy 57 31 54.4%
Current azithromycin therapy 57 19 33.3%
Abbreviations: LAW – lower airways; UAW – upper airways; P. aeruginosa – Pseudomonas aeruginosa; S. aureus – Staphylococcus aureus.
doi:10.1371/journal.pone.0079141.t002
Figure 1. Scatter plot showing the correlation between nasal and exhaled bronchial NO levels. The solid line represents a best fit to the
experimental data, assuming linear regression.
doi:10.1371/journal.pone.0079141.g001
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Correlation between Nitric Oxide and Clinical Parameters:
Lung Function
The FEV1 ranged from 23% to 128% (mean value 80.1%).
FVC varied between 41% and 127%, with a mean value of 89.8%.
Bronchial NO was neither correlated to predicted FEV1
(rho= 0.11, p = 0.42) nor predicted FVC (rho= 0.22, p = 0.13).
Furthermore, our data doesn’t show a correlation between nasal
NO and predicted FEV1 (rho= 0.17, p = 0.21) or predicted FVC
(rho= 0.18, p = 0.21), and no correlation was found between age
and bronchially exhaled or nasal NO, respectively.
Correlation between Nitric Oxide and Pathogen
Colonisation
We categorized patients according to pathogen colonisation in
the lower airways into 3 groups with ‘no pathogen colonisation’
(meaning neither P. aeruginosa nor S. aureus), ‘colonised with P.
aeruginosa’, and ‘colonised with S. aureus’. There was neither a
significant difference in bronchial nor nasal NO concentrations in
those patients colonised with P. aeruginosa and those not colonised.
The same statement held true when comparing patients colonised
with S. aureus and those not (all respective p-values.0.35). No
significant differences in lung function or age between the two
pathogen colonised study groups could be seen. We assessed
potential correlations between NO and pathogen colonisation
once again separately for the lower and upper airways, i.e.,
defining patient groups according to bronchial and nasal pathogen
colonisation, respectively. Still, no significant differences in
bronchial/nasal NO concentrations between the pathogen colo-
nisation groups ‘P. aeruginosa’, ‘S. aureus’, ‘both pathogens’ and
‘neither of the two’ were detected in our study.
At the time of NO sampling, 19 patients (33%) were tested P.
aeruginosa positive in the bronchial sampling (sputum or respiratory
swab), 8 (14%) were tested P. aeruginosa positive in the nasal
sampling. 21 (37%) of the enrolled patients had a history of
chronic P. aeruginosa colonisation according to Leeds criteria [24].
21 patients (37%) tested bronchially positive for S. aureus and 21
(37%) nasally at the time of NO measurements. Two patients
(3.5%) were tested nasally positive for both pathogens and 6
bronchially (10.5%). There was no colonisation with other
pathogens like nontuberculous Mycobacteria, A. xylosoxidans, S.
maltophilia and B. cepacia in our study group.
We also analysed our data with respect to potential correlations
between measured NO values and P. aeruginosa serum antibodies
(elastase, exotoxin A, and alkaline protease). In our data, no
correlation between P. aeruginosa antibodies and exhaled bronchial
or nasal NO could be found.
Correlation between Nitric Oxide and Inflammatory
Serum/blood Parameters
Our data reveal a highly significant negative correlation
(Spearman’s correlation coefficient rho=20.41, p = 0.003) be-
tween nasal NO and leucocytes in blood. Furthermore, there is
negative correlation between nasal NO and CRP (rho=20.28,
p = 0.04).
For the other inflammatory parameters fibrinogen and total-
IgG, we did not find any significant correlation with respect to
nasal NO. Bronchial NO was not correlated with any of the
parameters CRP, total-IgG, fibrinogen, or leucocytes.
Correlation between Nitric Oxide and Topical Steroids
In our study cohort, use of inhaled bronchial or nasal steroids
did not significantly affect bronchial or nasal NO. 12 (21%) of the
patients were taking bronchially inhaled steroids, 6 (11%) were
taking nasal topical steroids, 10 (18%) were taking topical steroids
for both airway levels, and none used oral steroids.
Correlation between Nitric Oxide and Antibiotic Therapy
We found bronchially exhaled nitric oxide values to be
significantly raised (p-value = 0.006) in patients during on-going,
oral or inhalative chronic suppressive antibiotic treatment (mean
14.7, CI 11.6–17.8) compared with patients not receiving
antibiotic treatment at the time of the NO measurement (mean
23.1, CI 15.8–30.3).
Furthermore, our data show significantly reduced bronchially
exhaled NO levels for patients taking azithromycin in addition to
antibiotic medication (mean 14.4, CI 10.9–17.8, p-value = 0.014),
reaching NO levels very similar to those in the patient group
without antibiotic therapy (Figure 2a). No patients receiving
antibiotic treatment due to acute exacerbation were enrolled.
Time from stopping therapeutic antibiotic treatment was at least 2
weeks.
Nasal nitric oxide measurements show the same trend, i.e., a
decreased NO concentration if azithromycin is given in addition to
antibiotic medication, not reaching significance, however (p-
Figure 2. Exhaled bronchial and nasal NO concentrations.
Comparison of exhaled bronchial (a) and nasal (b) NO concentrations
between patients without antibiotic therapy (none), with on-going
chronic suppressive antibiotic therapy (AB), and additional anti-
inflammatory treatment with azithromycin (AB+AZM).
doi:10.1371/journal.pone.0079141.g002
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value = 0.096). For nasal NO, mean values were 694, 930, and
624 ppb, for patients receiving no antibiotic treatment, patients
receiving antibiotics, and patients taking azithromycin in addition
to antibiotics, respectively (Figure 2b).
A comparison between the different therapy groups showed a
tendency to higher age of the patients, significantly increased
frequency of colonisation with P. aeruginosa, and a significantly
reduced FEV1 in the group with chronic suppressive antibiotic
therapy and azithromycin, as expected when applying standard
therapy.
Assessing the data separately for the subgroups of P. aeruginosa
colonised (according to Leeds criteria [24]) and not colonised
patients, we found the same qualitative behaviour in both
subgroups as in our entire study population. Bronchial NO level
differences between the therapy groups showed high significance
in the P. aeruginosa negative patients (p-values,0.04) but not in the
subgroup of P. aeruginosa positive patients.
Multivariate Analysis
To verify that the individual associations found are not just
incidental, multivariate analysis was performed. Taking into
account the size of the presented study, we selected two categorical
variables (pathogen colonisation and antibiotic use) and two metric
variables (CRP and FEV1) as major influencing factors to model
our observed bronchial and nasal NO concentrations. The decadic
logarithm of the measured data was modelled using the linear
predictor functions. To retain reasonable group sizes, pathogen
colonisation was stratified into 3 groups (‘colonisation with neither
P. aeruginosa nor S. aureus’, ‘colonisation with S. aureus but not P.
aeruginosa’, and ‘colonisation includes P. aeruginosa’), and colonisa-
tion status was considered specifically in the upper and lower
airways for modelling nasal and bronchial NO, respectively.
Antibiotic use was categorized in the identical fashion as for
univariate analysis.
For bronchial NO, multivariate analysis confirmed the earlier
finding that bronchial NO is significantly reduced in the patient
group receiving azithromycin in addition to standard antibiotic
therapy (estimated mean value 12.6 ppb with azithromycin vs.
20.3 ppb without, p-value = 0.038). Antibiotic use was the only
influencing factor reaching statistical significance, whereas path-
ogen colonisation, CRP, and FEV1 did not exert significant
influence.
Multivariate modelling of nasal NO affirms the results of
univariate analyses presented above, reproducing a negative
correlation of nasal NO and CRP close to statistical significance
(p = 0.053).
Table 3 summarizes the regression coefficients, p-values, and
confidence intervals from multiple linear regression analysis of
bronchial and nasal NO concentrations.
Discussion
Our study quantified and correlated upper and lower airway
NO levels with CF-pathogen colonisation, blood inflammatory
parameters, and clinical findings with the aim to point out
similarities and differences in upper and lower airways NO
production.
Despite the very different levels of NO concentration in our
cohort of 57 CF patients with a wide range of age, bronchially
exhaled and nasal nitric oxide measurements correlate significant-
ly (Spearman’s correlation coefficient rho= 0.48, p,0.001).
Various studies in cystic fibrosis patients have detected normal
[10,14,25] or decreased [13,15,16] concentrations of bronchially
exhaled NO, whereas nasal NO was shown to be lower in CF than
in controls [10,13,14]. This finding is surprising because of the
chronic inflammation in CF upper and lower airways, since NO is
known to be increased during airway inflammation e.g., in asthma,
bronchiectasis or respiratory tract infections [9,10]. Nitric oxide is
assumed to be upregulated by inflammatory cytokines such as
TNF-a, IL-1b and interferon-c [11], but until now, no coherence
between inflammatory markers in the blood and NO could be
found. Our data are in accordance with Balfour-Lynn and Keen
who did not find a correlation between the NO concentration in
the lower airways and clinical parameters such as lung function
and weight [14,26]. Additionally, in agreement with Keen et al
[26], we could not detect any correlation between inflammatory
markers in the blood (CRP, total-IgG) and bronchial NO. Several
explanations have been proposed for the normal or low exhaled
NO levels in CF, as well as for the lack of reaction on systemic
inflammatory parameters: Firstly, the thick mucus may inhibit the
diffusion of NO into exhaled air. High concentrations of nitrate
and nitrite, two metabolites of NO, are found in CF airway
secretions, which suggests that NO metabolites are retained in the
mucus and that the exhaled fraction of NO does not reflect the
total amount of NO production in the airways [27]. Secondly, a
lack of the NO substrate L-arginin may contribute to low NO
levels [28] in CF patients. Thirdly, the activity of the NO synthase
(NOS) may be reduced in CF [29]. A fourth reason for decreased
NO may be a denitrification of NO by anaerobic bacteria, e.g.,
through the pigment pyocyanin, which is produced by P. aeruginosa
and inactivates NO [14,30].
An important finding in our study is a (not previously described)
negative correlation between nasal NO and CRP and a negative
correlation between nasal NO and leucocytes in the blood. This is
even more interesting as the inflammatory reaction should lead to
an up-regulation of nitric oxide and this phenomenon could only
be found in nasal NO levels.
Our findings emphasize the differences between bronchially
exhaled and nasal NO and, thus, differences of the innate
immune-response. One may attribute reduction of nasal NO in
patients with elevated CRP to the fact that, in exacerbation,
secretions in CF upper airways rise further, additionally retaining
metabolites in the mucus [27] and, additionally, to the increased
number of bacteria within the paranasal sinuses that may denitrify
NO. For example, P. aeruginosa grows in an anaerobic biofilm;
under such conditions, NO is used to generate energy via
denitrification. Ultimately, this results in ammonium after stepwise
reduction of NO to nitrite (NO2) and nitrate (NO3) [31]. Most
probably, the bacterial load in the CF paranasal sinuses imply
relevant consumption of NO.
The major source of NO production are the upper airways and,
specifically, the paranasal sinuses are supposed to be the most
important one [11]. NO has furthermore bacteriostatic activity
and the paranasal sinuses are known to be first-line defence against
pathogens [6]. Reduced nasal NO in CF patients with elevated
CRP can give a further explanation for the role of the paranasal
sinuses in acquisition and persistence of pathogens into CF airways
which presently is a scientific focus [1,32]. Obviously, in our data a
substantial increase in NO levels compared to normal could not be
found, so one may suggest that, due to several, up to now
insufficiently studied reasons, host defence mechanisms in the
upper airways are reduced. Recently, the Copenhagen CF and
ENT centres stated that the defence mechanism in the nasal cavity
is different from the bronchial one, but different immune response
of the upper and lower airways is not yet completely understood.
Aanaes et al showed a significantly higher IgA level as sign of a
mucosal antibody response in the upper airways in contrast to the
neutrophil dominated inflammation in the lower airways [1,32].
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Johanson et al [32] supposed the high concentrations of non-
inflammatory IgA to impede the polymorphonuclear cells to be
recruited, hence leading to an altered first-line defence in the
upper airways in contrast to the lower airways, which are IgG
dominated, promoting an inflammation via polymorphonuclear
cells. In consideration of the upper airways fulfilling an important
first-line defence mechanism for pathogens colonising also the
lower airways [2,33] and leading to pulmonary destruction, deeper
knowledge of the immune response is of obvious importance. We
have to assume that the upper airways in CF patients have an
impaired defence mechanism, facilitating chronic pathogen
colonisation. Further research is needed on how the metabolic
activity of bacteria and inflammatory response of the patients
interact, and results need to be verified in a larger number of
patients.
Regarding the different pathogens colonising CF airways, our
data showed no influence on bronchial or nasal NO levels (all
respective p-values.0.35). We categorized patients into 3 groups
with ‘no colonisation with P. aeruginosa or S. aureus’, ‘colonised with
P. aeruginosa.’, and ‘colonised with S. aureus’ in the lungs. In the past,
conflicting results were published in this regard. Balfour-Lynn [14]
found decreased bronchial NO levels in patients colonised with S.
aureus, and decreased nasal NO levels in patients with P. aeruginosa
colonisation, whereas our data does not support these findings. On
the contrary, measured NO levels showed a tendency towards
higher values for pathogen colonised patients. Other authors, e.g.,
Keen et al and Grasemann et al [15,26] found lower bronchial
NO levels in CF patients colonised with P. aeruginosa. An
explanation for the different study results may be found in the
fact that patients colonised with P. aeruginosa are more likely to
have a severe course of disease and a higher complication rate.
Therefore, the individual influencing factors of the patients differ
considerable – consequently in the examined groups as well. We
tested for a correlation between Pseudomonas antibodies in the
blood, which were – to our knowledge – not examined by other
studies before. Because of the antigen structure of the P. aeruginosa
polysaccharides, infection with the pathogen leads to Pseudomo-
nas antibodies: elastase, exotoxin A and alkaline protease. Kappler
et al [34] found a sensitivity to detect colonisation of 86% and
specificity of 96% in testing all three antibodies. In our study, no
correlation could be found to Pseudomonas antibodies in the
blood and bronchially exhaled or nasal NO.
As NO is upregulated in inflammatory response, we investigated
the effect of azithromycin (AZM), which is routinely used as anti-
inflammatory treatment of CF patients with chronic P. aeruginosa
infection, on nasal and bronchial NO. Azithromycin leads to a
reduction of inflammation [35], inhibits bacterial communication,
and causes a reduction in neutrophil count and serum inflamma-
tory markers proved on patients not infected with P. aeruginosa [35–
37]. Additionally, azithromycin leads to a significant improvement
of FEV1 and FVC in CF adults [37]. Both nasal and exhaled NO
levels showed a tendency to decrease in patients (with or without P.
aeruginosa colonisation) taking azithromycin, whereas antibiotic
treatment alone had no effect, which has already been found
before [25,38]. We suppose that downregulation of inflammatory
enzymes leads, via azithromycin, to downregulation of NO. Nasal
nitric oxide measurements show differences, not reaching signif-
icance, however, between the treatment groups. We may assume
that the paranasal sinuses in CF patients are not adequately
reached by antibiotics applied by conventional inhalation or
systemic application, as the effect on bronchial NO is more
pronounced than on nasal NO. This is in line with a case report
recently published by our group: in a patient with first and isolated
sinonasal colonisation with P. aeruginosa [39], a two week
Table 3. Results of a multivariate analysis of bronchial and nasal NO concentrations, incorporating FEV1, CRP, pathogen
colonisation, and antibiotic therapy into a multiple linear regression model: regression coefficients, significance levels, and
confidence intervals.
Dependent variable Explanatory variable Regression coefficient b p-value 95% confidence interval
log10 NO bronchial Constant 1.109 0.000 0.828 1.391
bronchial colonisation with P.a. 0.015 0.848 20.137 0.167
bronchial colonisation with S.a. 20.083 0.291 20.241 0.074
no bronchial colonisation 0
antibiotic therapy+Azithromycin 20.025 0.778 20.199 0.150
antibiotic therapy 0.184 0.034 0.015 0.352
no antibiotics 0
FEV1 (% predicted) 0.001 0.573 20.002 0.003
CRP (mg/l) 20.003 0.443 20.012 0.005
log10 NO nasal Constant 2.576 0.000 2.106 3.046
bronchial colonisation with P.a. 0.013 0.927 20.266 0.292
bronchial colonisation with S.a. 0.238 0.112 20.058 0.534
no bronchial colonisation 0
antibiotic therapy+Azithromycin 0.44 0.790 20.285 0.373
antibiotic therapy 0.92 0.451 20.151 0.335
no antibiotics 0
FEV1 (% predicted) 0.002 0.364 20.002 0.006
CRP (mg/l) 20.015 0.053 20.031 0.000
Abbreviations: P.a. – Pseudomonas aeruginosa; S.a. – Staphylococcus aureus; FEV 1– forced expiratory volume in one second; CRP – C-reactive protein.
doi:10.1371/journal.pone.0079141.t003
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intravenous antibiotic treatment with tobramycin and ceftazidim
did not lead to eradication. As therapeutic consequence, he
successfully inhaled tobramycin as vibrating aerosols for 28 days
and remained free of P. aeruginosa. Limitations of antibiotic
deposition in the paranasal sinuses can also be resolved
operatively. Aanaes et al [40,41] showed that extensive sinus
surgery in combination with a strict postoperative regime
consisting of i.v. antibiotics, nasal antibiotic irrigations and
intensive follow up could eradicate bacteria in the upper airways
of several patients for more than 1 year.
In the context of first and persistent colonisation with
pathogens, the paranasal sinuses have to be seen as a focus for
early airway colonisation, and the effects of an efficient therapy,
especially of the upper airways, need to be evaluated to improve
outcome in CF. They are of importance to prevent lung
colonisation and, consequently, lung destruction in CF.
Limitations
Interesting findings were pointed out in our study, but several
limitations have to be discussed. One limiting aspect is that the
compliance of the patients has not been assessed in our study
regarding steroids and oral or inhalative antibiotics. Besides, with
respect to microbiology, we have to assume that especially
anaerobic bacteria can possibly stay undetected due to microbi-
ology culture technique. Thus, further studies focussing on this
aspect are required.
Additional important aspects such as simultaneous presence of
asthma, overlap with other colonising bacteria, and variations in
genotypes, need to be assessed in a larger group of patients.
Conclusion
New interesting aspects with regard to nasal mucosal inflam-
mation, in contrast to bronchial inflammation, as a multifactorial
event are only emerging. We have to assume that the upper
airways are of particular importance for pathogen defence. Hence,
impaired upper airway defence adds to the vicious circle of further
pathogen acquisition into the sinonasal area from where they can
descent into the lower airways and cause pulmonary destruction as
major reason of premature death in CF.
We believe that NO measurements may contribute to
generating a deeper understanding of the delicate interplay of
upper and lower airway inflammatory processes in CF.
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P U B L I K A T I O N E N  
2.6.4 Improvement of sweat chloride proficiency tests through error analysis 
in east-German CF centers  
Freerk Prenzel, Ines Adams, Jutta Hammermann, Ulrike Issa, Gerhild Lohse, Jochen G. 
Mainz, Jochen Meister, Dana Spittel, Karin Thoss, Uta Ceglarek, Constance Henn and 
Julia Hentschel. Eingereicht. 
Der Schweißtest mittels Pilocarpin-Iontophorese nach Gibson&Cooke ist der Goldstandard 
zur Diagnosesicherung einer CF und wird in fast jeder CF-Ambulanz durchgeführt. Dennoch 
fehlen nationale oder internationale Leitlinien zur Durchführung und nicht immer wird der 
Test von laborerfahrenen Mitarbeitern durchgeführt. Zu Beginn unserer Studie gab es auch 
keinen Ringversuch für den Schweißtest. In einer Pilotstudie im Rahmen des mitteldeutschen 
Qualitätszirkels für Mukoviszidose initiierten wir daher einen Qualitätstest mit 
Kochsalzlösungen mit (für die Teilnehmer) unbekanntem Chloridgehalt. Die Ergebnisse 
zeigten eine erschreckend hohe Streuung. Eine Fehlersuche ergab einen Schwerpunkt beim 
Pipettieren. Nach einer Schulung und praktischer Übung wiederholten wir den Qualitätstest 
mit neuen Kochsalzlösungen. Es zeigte sich eine deutliche Verbesserung in der 
Messgenauigkeit und der Übereinstimmung mit den Sollwerten.   
Fazit: Eine gute Einweisung und regelmäßiges Training aller Mitarbeiter sowie gute 
Arbeitsanweisungen sind unbedingt erforderlich. Eine Teilnahme an externen 
qualitätssichernden Maßnahmen sollte selbstverständlich sein.  
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3. Schlussfolgerungen 
Unsere Studien der letzten zehn Jahre erbrachten eine Vielzahl von Erkenntnissen, die einen 
großen Gewinn für die Diagnostik und Therapie der oberen Atemwege darstellen. 
 Eine kontinuierliche nicht-invasive Gewinnung von Material aus den oberen 
Atemwegen ist, auch bei Kindern, einfach möglich. 
 Aus nasalen Lavagen ist sowohl die Bestimmung von Keimen als auch von 
Inflammationsmediatoren möglich. 
 Eine nasale Lavage sollte nicht öfter als 1x am Tag gewonnen werden, da bei 
wiederholter Spülung die Konzentration an Mediatoren abnimmt 
(Auswascheffekte). 
 Eine Prozessierung der nasalen Lavagen ist nicht zwingend erforderlich, 
allerdings sollten, vor allem bei geplanter längerer Lagerung, Proteinase-
Inhibitoren dazugegeben werden und mehrfaches Einfrieren und Auftauen 
muss vermieden werden. 
 Eine Besiedlung der oberen Atemwege korreliert mit dem Anstieg von 
Inflammationsmediatoren, vor allem bei Neuinfektionen. 
 Eine ausgeprägte Dysbalance zwischen Proteasen wie NE und MMP9 und den 
korrespondierenden Anti-Proteasen bzw. Inhibitoren SLPI und TIMP1 ist 
möglicherweise mitverantwortlich für den Gewebsumbau in den Atemwegen 
und könnte ein therapeutischer Ansatz sein. 
 Ältere und chronisch besiedelte Patienten zeigen eine deutlich verminderte 
Immunantwort bei akutem Infekt und verdeutlichen, dass eine 
fortgeschrittene CF als Erkrankung mit Immundefizienz angesehen werden 
sollte. 
 Eine kontinuierliche mikrobiologische Analyse der Atemwege ist unbedingt zu 
empfehlen und die oberen Atemwege sind bei Keimnachweis unbedingt (mit) 
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zu behandeln, da sonst eine Eradikation auch in den unteren Atemwegen 
nicht erreicht werden kann oder nicht von Dauer ist. 
 Eine topische Behandlung mit vibrierenden Aerosolen zusätzlich zur 
systemischen Therapie ist sinnvoll, da systemische Antibiotika die oberen 
Atemwege nicht so gut oder verzögert erreichen. 
 Ob neue Therapien zur Korrektur des Basisdefekts auch auf die oberen 
Atemwege wirken, muss in größeren Studien noch bewiesen werden. 
 
 
Die CF ist als Modellerkrankung anzusehen. Viele Erkenntnisse aus unseren Studien lassen 
sich gut auf andere Erkrankungen mit Beteiligung der oberen Atemwege übertragen. Gerade 
die chronische Rhinosinusitis mit einer Prävalenz von 15 % in den USA und Deutschland110 ist 
zu nennen und eine große Gruppe von Patienten könnte von dem Wissen im Sinne einer 
optimierten konservativen Therapie profitieren. 
Unsere Studien zeigen aber auch, dass noch weitere Forschungen notwendig sind, um die 
Abwehrmechanismen der oberen Atemwege bzw. deren Dysfunktion weiter zu verstehen. 
Erst mit weiterem Wissen können gezieltere Therapien für die oberen Atemwege entwickelt 
und angewendet werden.  
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4. Erklärungen 
Eidesstattliche Erklärungen zur vorgelegten Habilitationsschrift 
 
Hiermit erkläre ich an Eides statt,  
1. dass die vorliegende Habilitationsordnung der Medizinischen Fakultät der Universität 
Leipzig anerkannt wird; 
2. dass die Habilitationsschrift in dieser oder ähnlicher Form an keiner anderen Stelle 
zum Zweck eines Graduierungsverfahrens vorgelegt wurde; 
3. dass die Habilitationsschrift selbstständig verfasst und keine anderen als die 
angegebenen Quellen und Hilfsmittel benutzt wurden; 
4. dass die Einhaltung der „Satzung der Universität Leipzig zur Sicherungguter 





...............................      ......................................  
Datum         Unterschrift 
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6. Verzeichnisse 
6.1 Abkürzungsverzeichnis 
AB  Antibiotika 
BMI  Body mass index 
CBAVD  congenitale bilaterale Aplasie des Vas deferens  
CF  Cystische Fibrose 
CFF  Cystic fibrosis foundation 
CFTR  Cystic Fibrosis conductance regulator 
CFTR-RD cystic fibrosis related disorder 
COPD  chronic obstructive pulmonary disease 
CRS  chronische Rhinusinusitis 
CT  Computertomographie 
ECFS  European cystic fibrosis society 
ELISA  Enzyme-linked immunosorbent assay 
GnomAD  Genome Aggregation Database 
HGMD  Human Genome Mutation Database 
ICM  intestinal current measurement 
Ig  Immunglobulin 
IL  Interleukin 
LoF  loss-of-function 
IRT  immunoreaktives Trypsin 
IS  induziertes Sputum 
IV  intravenös 
LAW  lower airways 
LL  Leitlinie 
LTx  Lungentransplantation 
MMP  Matrixmetalloproteinase 
MN  mononukleäre 
MRT  Magnetresonanztomographie 
MPO  Myeloperoxidase 
NaCl  Natriumchlorid 
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NE  Neutrophilen-Elastase 
NGS  Next Generation Sequencing 
NL  nasale Lavage 
NMD  nonsense-mediated mRNA decay 
NO  Stickstoffmonoxid 
OAW  Obere Atemwege 
P.  Pseudomonas  
PAP  Pankreas-assoziiertes Peptid 
PCD  primäre Ziliendyskinesie 
PMN  polymorphkernige Neutrophile 
S.  Staphylococcus 
SLPI  Secretory Leukocyte Peptidase Inhibitor 
SNOT-GAV sinonasal outcome test german adapted version 
SNV  single nucleotide variant 
SOP  standard operating procedure 
TIMP  Tissue Inhibitor of Metalloproteinases 
TNF  Tumornekrosefaktor 
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Abb. 1: Klinik der Mukoviszidose und Korrelation des Ausprägungsgrades mit der CFTR-
Restfunktion (4 modifiziert nach Michl et al., 20165). ................................................................ 7 
Abb. 2: Auswirkungen des Gendefekts auf die Proteinfunktion und Klassifizierung nach Art 
des Defekts in Mutationsklassen (4; modifiziert nach Michl et al.,20165). ................................ 8 
Abb. 3: United Airway concept – Pathomechanistisches Konzept32: 1. Umgehung der 
Klimafunktion der Nase und Postnasal drip, 2. systemische Reaktion nach lokaler 
Provokation, 3. neurogen über Reflexbögen ........................................................................... 14 
Abb. 4: A: Schematische Darstellung eines tiefen Nasenabstrichs (https:// 
spitalhygiene.files.wordpress.com/2014/01/nasenabstrich1.jpg). B: Nutzung einer 
kompressorgestützen Nasenlavage von einem ca. 3jährigen Mädchen. C: Sammlung der 
Spülflüssigkeit in der Sammlungskammer (s. Pfeil). D: Einspritzen von 10 ml NaCl in die Nase 
eines ca. 8jährigen Mädchens bei geschlossenem Gaumensegel. E: Auffangen der 
Spülflüssigkeit in einem Becher. .............................................................................................. 24 
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Abb. 9: Zeitliche Dynamik der Besiedlung von 6 Patienten, welche über 60 Monate 
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untere aus den unteren Atemwegen. Ausgefüllte Punkte stehen für einen Nachweis des 
entsprechenden Keims. (A) Der Patient zeigt eine Besiedlung mit S. pneumoniae 
ausschließlich in den oberen Atemwegen. (B) Der Patient ist ausschließlich in den unteren 
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oberen Atemwegen und anschließend in den unteren Atemwegen. (D) Enterobacteria 
wurden bei diesem Patienten zuerst in den unteren Atemwegen nachgewiesen, danach in 
den oberen. (E and F) Zeitgleiche Akquise von S. aureus in beiden Atemwegsetagen. .......... 30 
Abb. 10: Keimspektren der CF-Patienten zum Zeitpunkt einer akuten Exacerbation. Es zeigt 
sich kein dramatischer Anstieg einer bestimmten bakteriellen Spezies bei den Erwachsenen. 
Bei den Kindern findet man häufiger S. pneumonia und Moraxella zu Lasten der Normalflora 
(Koagulase-negative Staphylokokken, Alpha-hämolysierende Streptokokken, 
Corynebakterien und Stomatokokken). ................................................................................... 34 
Abb. 11: CF-Patienten zeigen bei akutem Infekt eine schwächere Immunreaktion als 
Kontrollpersonen, ganz besonders Erwachsene. Lediglich bei IL-6 und NE ist ein leichter 
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